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— I. EXECUTIVE SUMMARY

A. PURPOSE

~~~~~~~ The purpose of the present study is to analyze the extent to which

survivors of the initial blast and fallout from a large—scale nuclear
attack against the United States could continue to survive during the

first year.qafterwards. Earlier studies of the overall environment following

~~~~~~ a large-scale nuclear attack have generally dealt either wi th the first

few weeks after the attack , during which many people would have to stay in
• fallout shelters, or with recovery over a period of several years following

the attack, beg inning with the end of the first year. The present study

is an atte..pt to fill the gap between these two types of earlier studies .

*.4 This effort was performed by System Planning Corporation for the

Federal Emergency Management Agency (FEMA).

B. APPROACH

Since it was not possible in this l imited study to analyze the U.S.

as a whole in the level Of detail desired, an individual state was selected
L. for detailed analysis. Ohio was chosen as the best “index state” for the

U.S. as a whole . For simplicity , Ohio was assumed to be isolated during

the first year

It was assumed that the U.S. had adopted the ful l crisis relocation

program that was recommended by the Secretary of Defense in 1978, sometimes

known as Program 0-Prime. During a crisis prior to the attack, the people
• 1~ were assumed to have relocated and to have established expedient fallout

~protection in the rural host areas. It was assumed that detailed

1, Emergency Public Information regarding life after an attack had been

provided to the people , and that plans for postattack allocation had been

7
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made, but that nel-th’r stockpiling nor crisis relocation of key materials 

.

~~~~~~~ had been carried out. :~~• •
~~~~

A single large—scale nucl ear attack was assumed to be directed against ~~~~~~~~~~~~~~~~~~~

• U.S. military and industrial targets and cities of population greater than
• 50,000. Evacuees were not targeted. About 80 percent of the yield was .

• surface—burst , thus producing extensive fallout. _____

- Only tangible quantities directly relevant to life and health were 
-

considered. Such organizational necessities as government and economy were
assumed to be sufficiently effective to preserve some order and to provide

I 

- 

a reasonable distributi on of available goods and services. ~~~~~~~~~~~ 1
For~~~~~of the 88 Ohio counties , calculations were made of the levels

of blast and fallout and the numbers of fatalities and injuries among the
-U

relocated population . Then, for the initial survivors , the question of
continued survival was analyzed with respect to the followi ng factors: T
energy, transportation , food, water, housing, clothing, sanitation , health ,
commun ications, emergency services, residua l radiation , and environmental I

~ 
.~~~~~

. effects. For each of these, previous studies were reviewed, relevant data
for Ohio were obtained, and the effect on the initial survivors was

-:

If no protective action were taken by the people , only about 20 percent Iwould survive the initial blast and fallout. However, i-f Program 0—Prime

• were adopted, and successful ly implemented prior to the postulated attack, Jthen approximately 80 percent of the population of Ohio would survive.
This finding (hand—calculated) is an independent confirmation of similar
results obtained using large computer codes to study the effects for the
U.S. as a whole.

• Life after such an attack would be considerably more prim ti ve and
di fficult then it is in the U.S. today. However, the only serious threat
to overall continued survival might be lack of food, and whether or not

8 
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4 this would be a problem would depend on the attack season and other

r details. This uncertainty could be removed by stockpiling grain.

For each specific factor, the findings were as follows:

• Energy: Coal production facilities would survive. Several coal-
4 burning electric power plants would survive. Petroleum refinery

capability would be destroyed. Surviving petroleum fuel would
• probably be adequate for transportation of essential goods and

other emergency functions , but possibly not for full mechanized
farming , and definitely not for use of private automobiles .

• Transportation: Most cars, trucks, and trains, plus an extensive
network of roads and tracks, would survive .

• Food: Most farm animals would be killed by fallout. People
would have to shift to a much more grain-oriented diet Whether
surviving stored food would be adequate to feed the surviving
popula tion for a year would depend on the season of the attack.
The next crop fol lowing the attack coul d probably be mostly
saved, al though it might be destroyed by heavy fallout and/or
bad weather during the in-shelter period. Effects of these
uncertainties could be removed by stockpiling grain in rural

- 
areas.

• Water: Postattack water supplies would apparently be adequate.

• Housing: Until rebuilding occurred, people would have to live
• • at 2 to 4 times current densities , but this is still feasible.

• Clothing : Preattack clothing would largely survive and could be

L • used for several years after the attack.

• Sanitation: Waste disposal would be primitive for some sections
of population , but again , this is feasible.

• Health: Fatalities from disease would increase, possibly by an
• order of magnitude over the normal peacetime rate, but not to

levels comparable to the fatalities from the initial blast and
fallout.

• • Communications: Many radio and TV stations would survive. A
small fraction of total surviving fuel suppl ies could power

L. them for wel l over a year.

• Emergency Services: Surviving emergency officials and vehicles
per capita would be comparable to preattack levels.

• Residual Radiati on: Late fatal ities from residual radiation
would be a few percent, or less, of the people surviving the

• 

• • initial blast and fallout.

- •

~~ 
• • • • •

• :~~~~~
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• Environmental Effects: Depletion of the ozone layer, and • 
. ..

consequent Increase in ultraviolet radiation , might occur.
However, severe damage to people would be unlikely. Stapl e
crops (especiall y corn) would probably not be significantly

• damaged. Other significant environmental effects appear unlikely.

For each factor considered (water, health, etc.), preattack prepara-

tions would reduce uncertainties and prevent fatalities in the postattack ~~~~~

environment. • 

•

‘l•
0. RECOMMENDATIONS

• • This study has suggested many preventive measures, which, if employed

in peacetime could significantly improve the situation of the survivors 
•

:

during the first postattack year The more important measures are the

following

• Identify key materials for survival during the postattack period, 
•

such as food, fuel , agricultural necessities (seed , ferti l izer,
insecticides, pesticides)~ sleeping bags, 

medicines (preventi ve 
- .

and curative), bicycles, batteries, and substances for countering
radioactive food contamination and increased ultraviolet radiation

-- Plan/prepare for relocating such items from risk to
non—risk areas if crisis relocation is enacted .

-- Plan/prepare for producing and distributing extra amounts ~~~~~

of such items (especially consumablesi if a prolonged
period of international tension occurs

-- Stockpile such items (especially consumables) in peacetime,
in non—risk areas.

• Provide crisis -Instructions to the public regarding a post—
• . attack environment: how to live In the host area for an extended

period if an attack occurs and one’s home is destroyed. Include
Instructions for manual agriculturaL and for the conversion of
raw grain into edible food.

• Advise evacuees to take with them key items that they own-- I
not only food, medicines , portable radios, and batteries,
but also gardening supplies , sleeping bags, warm clothing

• (regardless of season of attack), and bicyles.

• Plan/prepare for relocating~truckS~ buses
, railroad rolling stock,

aircraft, and possibly boats, from risk to non-risk areas,
during a crisis period.

10 -
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• Plan/prepare for manual pumping of fuel stored underground. ______

I • Plan/prepare for manual pumping of groundwater from wells. 
•

• Plan/prepare for diagnosis of coinnunicable diseases and possible 
-

,

Immun ization against their effects.
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U II. BASIC ASSUMPTIONS

L A. SURVIVAL AND RECOVERY

A large-scale nuclear attack against mil~ tary and economic targets in
Li the United States would result in great damage to the population , the

economy, the political infrastructure , and the natural environment. To
• L speak of national “recovery” from such an attack is to imply the regaining - 

•

of a certain preattack position or condition by the United States Given

U the extensive damage likel y in the wake of a large-scale attack , recovery
would necessarily be a complex process.

U Because of this, recovery can be conceptualized as occurring in phases.
Former RAND economist Sidney G. Winter , Jr. has partitioned the postattack
recovery period into three phases: survival , reorganization, and recuper-
ation [Refs. 1-3]. A number of analyses have assumed that the period

t divided into the survival and reorganization phases by Winter would last
roughly a year ERefs. 4—8].

j The present study is concerned solely with the first year after the

attack; i.e., with Winter ’s first two phases. Furthermore, it is concerned
only with matters directly relevant to life and health.

f B. SELECTION OF OHIO FOR DETAILED ANALYSIS

Analysis of the U.S. as a whole , at the l evel of detai l desired, would

fi not have been possible wi thin the l imited resources of the study. There-
fore, it was decided to choose a region of the U.S. that would be typical
and could serve as a good index for the nation . An individual city or
county woul d have been too small , since it was necessary to choose a

[J region containing both urban and rural areas, within which people would

• 
13
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be assumed to relocate during the crisis period prior to the attack.
Because relocation plans are currently being made on a state basis , it
was decided that a specific state would be selected for the detailed
anal ys is.

To make the analysis tractable , it was assumed that the state chosen
would be completely isolated (no interstate transportation) for the first
year after the attack, thus assuming a somewhat worse—than-Thkely case
in this respect.

Several criteria were chosen for selecting a specific state: (1)
the state should not be unusually far north or south; (2) the ratio of
population of arable land in the state should be similar to that ratio
for the nation as a whole (the second cri terion should be a major deter-
minant of the state selected because of the critical importance of ]
available food supplies during the first year); (3) the state ’s popu—
lation distribution (as measured by the relative sizes of the urban and I
rural populations and also by the population density ) should be similar

to, if not “worse ” (i.e., more urban , more dense) than the population dis- ]
tribution for the entire country; (4) the state’s indus tr ial /agr icul tural
mix (as measured by the percentages of nonfarm and farm personal income) -

~~

s houl d be close to that for the nat ion as a whole.

As a result of this initial process of elimination , a band of states--
Ill inois, Indiana , Michigan , Oh io , and Pennsyl vania——rema i ned for further

scrutiny. These six states were compared in terns of the four criteria.
The relevant data are summarized in Table 1.

Overall , Ohio appeared to be the best state of the set to select for
a detailed study . The state has a cold winter as well as a varied climate .
The division of its population between urban and rural areas is almost
identical to that of the nation as a whole (approximately three-quarters
of the population urban and one-quarter rural). The harvested acreage 

• 
H

per person in Ohio is 1.02, versus 1.52 for the United States (making Ohio
a somewhat worse than average case for the purposes of this analysis).

14 1 L
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Finally, the proportions of non-farm and farm income are the same as those 
- 2 

-

for the whole country . Figure 1 summarizes some basic aspects of Ohio ’s
political geography.

C. CIVIL DEFENSE

It -is assumed for this study that the U.S. has adopted and implemented

the Crisis Relocation Program (CRP) recommended by the Secretary of Defense,
• some t imes known as “Program D-Prime,” wh i ch inclu des increase d emphas i s on

Emergency Publ ic Information , Radiological Defense, Emergency Operating
Centers , warning systems, shelter survey and stocking , train ing of s helter j
managers, and overall planning [Refs . 9, 10]. It is further assumed that
an intense crisis occurs, and , following the-instructions of officials ,
most people relocate from urban and other high-risk areas to lower-risk
rural areas , called “host areas.” In hos t areas , evacuees would upgrade
the fallout protection capability of existing public buildings as much as
possible by piling earth around the sides and in some cases on top. The
details of relocation have all been studied [Ref . 11]. An earlier study -

•

concluded that such a relocation , were it ever ordered by the President

in an intense crisis, could be accompl ished successfully within a few days,

and that most people would probably cooperate by enduring the discomforts

of l iving in the expedient shel ter space for the required time (a few days

to a month) [Ref . 9]. Based on previous analyses , it is assumed that the
overall equivalent fallout protection factor (PF)’ of the relocated population
is 50 [Refs . 9, 10], al though field tests have shown that PFs of a few hundred
are entirely possible tRef. 12; see also Table 2]. Actual PFs would vary .
Moreover , exposure control countermeasures (e.g., decon tam i na ti on) coul d
further reduce postattack radiation exposure.

__________________________________  

LI
~If a person is in a shelter with a certain fal lout protection factor (PF),
then the radiation dose that he receives Is equal to l/PF times the dose
that he would receive if he were standing In the middle of a large , flat
field. Thus , the higher the PF , the better the fallout protection.

16 1 ~
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TABLE 2. PROTECTION FACTORS OBTAINED BY AN EARTH COVER OVER - -

A FULLY SUBMERGEDa BASEMENT I
Protection Factor Earth Thickness (in )

25 6-1/2
50 9 1
100 12 

*

250 
- 

15— 1 /2 1
500 18— 1/2

1,000 21-1/2 -I

a1f basement walls rise above ground level , a comparable amount of earth
would have to be piled along the outside of these wal ls.

Source: Reference 10.
S

The specifi c relocation algorithm used in this analysis is the “SPC
Method.” The overall goal is to distri bute people as uniformly as possible,
lest a Soviet attack attempt to maximize U.S. fatalities by targeting
evacuees. People would be relocated primarily to rural counties-—an

• important characteristic of Program 0-Prime. Wi thin the real—world -i
constraints of less than 100 percent evacuation of risk areas and high— .1
density areas, and “putting people where peopl e already are,” the SPC
method makes the relocated population density as uniform as possible. j

Specifi cally, the algori thm is based on the follow ing assumptions:

1. No one leaves (or enters) a certain relati vely large area ,
generally taken to be a state or group of states (in this
case, Ohio). U2. The final population density (people per square mile) of each
county wi thin this area is uniform, except for items 3 to 6 -

below.
3. No COUIICY has a final-to—initial (F/ I) population ratio greater

than some specified value H (-H 6.0 was chosen , per Ref. 13).
Thi s ensures “putting people where people already are.” ~

18 
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4. No county has F/I less than some specified value L CL = 0.2 was
chosen per Ref. 13); this reflects the bel ief that some people

U will refuse to be relocated .
5. Counties designated as “at risk” have F/I L (= 0.2 in this

study); i.e., r i sk coun ti es are alw ays evacuated .
6. If a county is evacuated at all , It is completely evacuated ; no• county is asked to evacuate some, but not all , of its people.

I For the algori thm , this means that either F/I = 0.2 or F/I ~ 1.0.LA (This condition is optional; it was used in this study.)

r These six conditions completely specify a final population distri bution
(but not the county—by—county origins and destinations).

- ~ r Figure 2 illustrates the initial population distri bution. Figures
3 through 5 show the results of the SPC relocat~on method . The details
are given in Table 3. For this simulation of re Locati on in Ohio , “risk”I counties were specified based on the attack discussed in Section 11-0
ERef. 14]. Fallout risk areas were not included because of the uncertainty
of wind direction. However , risk areas based on potential fallout dose
could readily be added. The simulation shown would keep the community

9 key workers close to their own coun ties . Fur thermore , since Figures 3
through 5 represent a relocation simulati on as opposed to relocation plan ,
the minimum value of F/I = L was chosen to be 0.2. For a relocation plan ,
one s houl d choose L = 0.0, corresponding to the goal of evacuating everyone
out of risk areas. The specifi c origins and destinations shcwn are
sugges ti ve , no t def in i t i ve; they were base d on the authors ’ judgment, not
on a-ny quantitative technique. (For a real relocation plan , thi s algor i thm
woul d be modified to reflect detailed loca l conditions.)

t . 0. ATTACK

Ti •ttack assumed for this study is the attack developed by the
Federal Emergency Management Agency for its report High Risk Areas (TR-82)
[Ref. 14]. The attack, known as the CRP-2B Attack, includes such targets

Li as bases for stra tegi c mi ss i les , bombers, and submarines ; other military
installations; military supporting industry ; other basic industries; and

Li urban population centers of more than 50,000 people. A map of the blast

u 19
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areas in the 48 contiguous states (CONUS) is given in Figure 6. The size
of the attack i s 6 ,559 MT distributed among 1 ,444 weapons. Of this ,
5,051 MT were ground burst. Approximately 224 MT, in weapons of various

I yiel ds, were employed against Ohio , with 124 MT ground burst.

Using the yiel ds and heights-of-burst, the ranges of 2 lb/in 2 (psi)

T and 5-ps i peak overpressure were determined from data in The Effects of
Nuclear Weapons [Ref. 16]. Figures 7 and 8 are the resulti ng maps of areas

- [ in Ohio that receive peak overpressures of 2 psi or greater and 5 psi or
greater.

L A clear acetate overlay of the 5—psi overpressure map is included at
the end of this report. The reader can get a quick assessment of the blast

[1 effects of the attac k on a particular indus try or resource in Ohio by
U placing the overlay on top of the corresponding map in this report.

-~ From this information , it was possibl e to determine the fatalities
caused inunediately by blast. Five psi was taken to be the mean lethal
overpressure, based on References 9 and 10. That is, population in areas
receiving 5 psi or more overpressure was considered to have been killed ,
and population receiving less than 5 psi to have survived . Of course, in
an actual attac k, some people would survive in areas of higher overpressure
while some would die in areas of lower overpressure; however, statistically

these numbers would be expected to be about equal .

Fallou t accounts for more than half of the fatalities in Ohio. TheLi basis for the prediction of the fatalities due to fallout was a map pre-

pared by Oak Ridge National Laboratory for the report Survival of the

fl Relocated Population of the U.S. After a Nuclear Attack [Ref. 17]. The

map , shown in Figure 9, is based on the same attack as used in this Study

and assumes a 25-mph west to east wi nd . The map shows the unit-time-

reference-dose—rates for the U.S. This is a measure of the intensity of

U radiation that would occur 1 hour after the attack if all fallout were
- deposited on the ground by that time . In actuality , the fallout would

take much longer to reach many locations , and during this time the radio-

LI activity of the fallout would be decaying . This map does not take arrival 
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time into account. Thus, to estimate the actual accumulated dose at any
point , which is the quantity associated wi th biological damage, assum ptions -

must be made about the arri val times of the fallout. U
The fallout that ‘Is deposited on Ohio comes from many nuclear -

detonations, both inside and outside the state. The fallout that is -

deposited on Ohio was traced back to the several major target areas where
it originates (e.g., Whiteman AFB , Chicago , etc.). Then , for each major
source , zones were drawn in Ohio corresponding to each 1-hour increment
of arrival time, based on a 25—mph wind velocity and the distance to the
approximate center of the source target area. Figure 10 shows the unit-
time-reference-dose-rates for Ohio; Figure 11 shows the time of arrival
zones and the fallout sources; and Figure 12 shows the combination of the H

two preceding figures. In any ambiguous case, where fal lou t coul d have
originated from either of two sources, the nearest source was chosen ( the

— 

conservative estimate). In the southern part of the state, fa l lou t from
I’ two target areas overlap with widel y different arrival times. In this J

area , the fallout from the further target, Wh iteman AFB , is more signif- -~~

icant than that from the nearer target, Indianapolis, because of the
intens ity of the attack on the a ir force base.

From the times of arr i val of the fal lou t, the total accumula ted -
~~

doses were calculated for each region using data from Reference 15.
Figure 13 shows the accumulated dose over the first 4 days, and Figure 14
shows the dose for 14 days.1

Once the fallout doses and blast areas were determined , the resulting I
fatalities could be predicted for various behaviors of the population . For j
the purposes of the study, it was assumed that the population had evacuated
the risk areas according to the previously discussed CRP as developed by

- 
- SPC. It was also assumed that the population stayed in shelters (average

PF of 50) for 2 weeks, and then emerged, whether it was safe or not.

_ _ _ _ _ _ _ _ _ _ _ _ _

1tn various parts of this report , depending on the source documents , doses
are discussed in terms of roentgens, rads, and reins. For fallou t (gamma) ,

radiation , these are all essentiall y the same. (See Appendix.)
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In certain areas, the radiation was i ntense enough that even people

in fallout shelters of PF 50 would be killed. However, some of these
areas correspond to areas already destroyed by blast. Figure 15 shows the
deaths caused by fallout for the population in shel ters after 2 weeks. The
cri teria for fatalities are based on the “radiation penalty table° in
Reference 18.

In some areas, there would be further fatalities when the population
emerged from the shelters. This is because in areas of high fallout

- 

, 

intensity , the population would have already received significant doses -

while in the shelters, and outside dose rates would not be at safe levels 
- ,

after 2 weeks. Figure 16 shows the radiation fatal i ties after the 2 weeks
outs ide the shel ters . Outdoors PF was assume d to be 3, s ince people were
assumed to be occupied outdoors for long hours (e.g., farming). Finally, j
Figure 17 shows the total doses that wou l d be rece i ved by peop le who had
fol lowed the pattern of two weeks at PF 50 followed by two weeks at PF 3. ] Ij

So far , the data presented have been in terms of percent fatalities ‘ 
I 

-

in given areas of the state. These resul ts were applied to the assumed ]
population distri bution to cal culate the actual numbers of fatalities . Y
Table 4 shows the number of people killed by blast and fallout for each
county . The total fatalities in Ohio were 1,900,000, or 18 percent of the
initial population of 10,700,000. Figure 18 shows the surviving population
density in Ohio. As can be seen in the map, almos t total fa tal iti es are -

suffered in the counties that compri se the Cleveland area. 
-

Blast injuries were also estimated for the state as a whole. These 
-

were calculated under the assumption that the mean casualty overpressure

would be 2 psi [Refs . 9, 10]. The total estimated number of blast injured

is 615,000, or 5.7 percent of the initial populati on . Furthermore , abou t
10 to 15 percent of the initial population would be made significantly

ill from fallout. This was calculated using the determined radiation

doses and the radiation casualty curve in Reference 19. About half of U ~the blast-injured people would be in this category .

Thus , about 3 percent of the initial populati on would receive both

blast injuries and “fallout injuries ” ; many of these people might die.
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TABLE 4. FATALITIES BY COUNTY

Percen l of HIl led
Relocated County Kil led by by Total rota ,
Popu latIon Coo ered by ( last Fall o ut Ki l l ed Porten t SurvI vors JCola900 (K) 5-psi Blast (K) j~j_, (K ) KIl led (K )

Ad~~s 93.3.8 130.8
A1 l~~ 21.6 33 7 . )  7 .1 33 14 .5
6~III~~d 122 .3 I 1 2  .1 1 .3 09 121 .0
*shtabuIa 20 1.9 95 9.9 159.9 79  42.0
*060.65 145,4 145. 4

- 
~- Aaq laiz. 7 9 5 . 4  1 1 .2 1.2 01 114 .2

Sil-aEnt 16. 4 90 1 ,6 1.6 10 14.8
Bros. - - 141.4 141. 4

- I But I.r - 246.0 12 29 .5 29.5 12 296 . 5
Carro ll 112. -I   112 5
Ch~~ Mi4f l  924 6 124.6
C1*I’k 951 .6 16 - 24 .3 24.3 1€ 127 .3
c1..-mout 132.1  932 . 1
Clinton 914 .3 -_ . 18.3
Co1~~~Iana 954 . 1 ~~ - .5 -1 53.6
Cos6ecton 162. 1  162 .1
Crawfo rd 916.5  11 6 . 5
Cuylhoga 3 15 .7 80 252 .6 53 - 2  305.8 97  9 .9
DAr lIe 114.5 1-7-& 5
DefIanc e 118.9 02. 1 42. 1 35 76 .8 - -
De Laware ‘~9.8 2 2.6 .2 2 .8  02 121.0
ErSe 7 .6 0.0 9.3 12 68.3
Fairfi,l4 145. 7 I 1.5 84. 1 9 5 6  59 60.1
Fayette 1 9 6 .5  1 9 6 .5
Frantl,n 171.9 48 82 .6 (3 . 2  95.7 56 76.2
Fulton 117. 4 64 .7 64 .7 55 52. 7
Gal l ia  13 5.9 9 35.9
GeAuga 3 . 7  3 . 4 13.2 13 .6 99 .1
Greene 130.0 13 16.9 16.9 13 113. 1
Guernsey 152 .3  152.3 - - 

-HamIltOn 175.9 46 80.9 90. 9 46 95.0 - _ -
Hancock 153.5 153.5 s
ilardin 130.7 134 .7
Harr Ison 107. 4 107.4
Henry 120.0 32.4 32.4 27 07.6
#Ighlsed 58.4 158.4 - 4
HOcking 121 .5 1.1 1 .1 01 120.4
Holmes 122 .3 1 2 2 . 3
Huron 143. 4 19 .5  1 9 . 5  08 13 1 .9
JaCkson 120,9 20.9
Jefferson 18.8 20 3.8 3.8 20 15.0
Knox 153.2 153.2
Lake 42.2 80 33.8 7 .7  4 1 . 5  98 .7
Lawrence 11 .8 33 3.9 3.9 33 7.8
LickIng 197.9 90-6 90-6 46 107.3
Logan 132.7 132.7
Lo ra In 53 .3 30 16.5 5.9 2 1.9 41 31 . 4
Lad s 95.9 40 38.4 30.2 68.6 72 27 .3
MadIson 133.6 .8 .8 Cl 132.8 —
I4Ahonlng 5 1.9 32 18.5 2 1 .3 39.8 69 10.1
MarIon - 116.8 116.8
I38dIn* 20.4 .7  ~7 03 19. 7
MaIgs 125.0 125.8
Horcer 28, 1 128 .1
MiamI 117.4 15 11 .6 7.6 15 99.8
Monroe 91.8 91.8 11
HontgOnery 116.5 50 58.3 58.3 50 54 .2 .4
Horgan 79.2 .6 .6 01 78.6
Marrow 116.3 116.3
Muski ng ue 187.8 BOJ 80.7 43 107.1
lIoble 68.4 68. 4
Ottawa 75.3 37. 8 37.8 50 37.5
Paulding 918.8 118.8
Perry 19 8.3 55. 1 55.1 47 -6 3.2 -
PicLaw ay 145.4 2 2.9 14.6 17.5 92 127.9
PIke 125.4 125.4
Portage 26 .4 10 2.6 23.2 25.8 98 .6
Pr5ble 923 .2 123.2
Pstns. 140.2 140.2
RIChl a nd 26.0 25 6.5 6 .5 25 - 19.5
ROSs 198.2 .1 .1 4 9 196. 1
Sandusky 118.0 12.0 7 2,0 IC 106.0
Sclo to 175. 4 2 3. 5 3.5 02 171 .9
Seneca 159.0 75 9 .0
Shel by 117.7 111 .7
Stark 75.4 35 26.4 6.9 33.3 44 42.1
51941116 107.0 52 55.6 42 .2 97 .8 99 9.2 - -

T rI11Ibuil 49 .1 37 18 .2 28 ,5 46. 7 95 2.4
TaSC.SrAwA S 64.2 164 .2
UniOn 125.2 125 .2
Van We rt 118.0 118.0
VInton 61.8 .1 .1 -1 61. 7
Warren 117 . 7  6 7 . 1  1. 1 06 110.6
Wa%fllngton 184.9 184.9
Wayne 161 .8 2 3.2 .3 3 .5  02 158.3
Wlll iaes 12 7 .4  73. 3  73.0 60 68.4
6004 1 78.6 3 8. 4 48 .3 53, 7 30 124.9
Wyandot 117 .1 117.1

10 ,589.2 1 066.l l 890.1 8 .7 99,9 1
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As shown in Table 5, if one assumes the same attack but n’o civil

defense , then the estimated fata lities are about 82 p ercent instead of the
estimated 18 pe~’cen t fatalitie s under P rogrc~n D—Prime. This result provides
a complete ly independent confirmation of the results of previous ana lyses,
for  which large computer codes were used to ana lyze fatalitie s throughout
CON US.

TABLE 5. FATALITIES IN OHIO RESULTING FROM CRP-2B ATTACK
FOR VARIOUS CIVIL DEFENSE POSTURES -

Initial Population = 10,700,000

Present Case:
Reloca tion; No Reloca tion ,
2 Weeks in No Shel ters ;

Shelters of PF 50 
— 

PF = 5

Ki l l e d 1 ,950,000 (18%) 8,820,000 (82%)

Surviving 8,750,000 (82%) 1 ,880,000 (18%)

If the Soviets were del iberately to target evacuees, fatalities would ,

of course , be much higher . However, this prospect is considered un li ’-~ely;

a recent book puts it as follows : - 

_ 
-

It is sometimes suggested that population is not
regarded as an interesting target by the So~’iets.This is not entirely true. The Soviets do , clearly,
examine population as one element of a target set, and
they do consider casualties , generally, in their
decision process. . . . People .2~~ se are not considereda target by the Soviets. On1~’ specialized aspects of apopulation--government administrators , people necessary

1 - to the func tioning of vital centers that the Sov iets - -
— would want to shut down , scientific and technically

skilled personnel——appear to be considered by the
Soviet General Staff as important targets to either
destroy or capture, depending upon the particular
mission and their location . [Ref. 20, pp. 87—88].
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E. OTHER ASSUMPTIONS

- 

~- 

j Only tangible quantities , such as people, food, water, and energy,
were considered in this study. It was assumed that such organizational

~: ~1 necessities as the postattack government and economy were sufficiently

I 
effective to preserve some order and provide a reasonable distribution

[ of available goods and services.

- Postattack military requirements were also not considered . It

II was assumed that the war ended in such a way that the U.S. could decide
for itself how to proceed next and would not be forced to follow the

- instructions of another nation, e.g., the U.S.S.R.
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11! I I I .  ENERGY

A. INTRODUCTION

I This chapter examines both the various forms of energy production in
Ohio and the fuel reserves normally on hand in the state. It also assesses

I the effect of the attack on energy suppl ies and future continued production
after the attack. Section B addresses preattack fuel reserves. Section C
considers preattack production of energy; i.e., coal mining, electri cal

J power generation , crude oil production , and petroleum refining . In
Sect ion D, attack damage to energy reserves and production capacity is

T di scussed , and conclusions are drawn in Section E.

B. PREATTACK FUEL SUPPLIES IN OHIO

As a consequence of the disruption of crude oil production , petro-
U leum ref ining, coal mining, and electrical power generation in the after-

-~~ math of an attack, undamaged fuel supplies would constitute the primary

Li source of energy in the first postattack year. Specifically, surviving

I 
gasol ine and diesel fuel in stock would be of the greatest importance
because of their role in both the production and transportation of food.

Gasol ine and diesel fuel supplies are located at several types of
- 

- 

facilities in Ohio. Table 6A lists the stocks at these facilities . The
largest quantities of these fuels are in the bulk storage facilities .
Data on the distri bution of fuel supplies in bulk storage in Ohio is not
readi ly ava i lable; therefore , the size of this source of stored fuel had
to be estimated. The U.S. Department of Energy provided monthly figures
for statewide bulk gasoline and distillate fuel oil stocks in Ohio during
1978 [Ref. 21]. (It is assumed that under postattack emergency conditions ,

- 

all distillates , including diesel oil , could be used as motor fuel.) The

L
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TABLE 6. FUEL STOCKS IN OHIO

- A. PREATTACK FUEL STOCKS IN OHIO Li 
=

Gasoline Diesel Fuel and Other ~~~~

Locat ion (gal) Disti llates (gal) 
- ‘

Li
Bulk storage 192,000,000 146 ,000 ,000 

-

Retail dealers 76,000,000 1 ,000,000 U
(service stations
and truck stops)

Farms 25,000,000 25,000,000 .‘-
~

Total 
- 

293,000,000 172,000,000 1
I 1~

B. POSTATTACK FUEL STOCKS IN OHIO r

Gasol ine Diesel Fuel and Other
Location (gal) Distillates (gal)

Bul k storage 56,400,000 52,500,000

Reta il dealers 28,500,000 560,000 
—

(service stations
and truck stops)

Farms 25,000,000 25,000,000 -

Total 110,000,000 78,100,000 
- -

Percent of preattack stocks 38 46 J
II

46
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size of gasoline and distillate fuel oil stocks for an average month was
calculated . The statewide average for gasoline was 192 million gallons,
and the average for diesel was 146 million gallons. Using Bureau of the

I Census data [Ref. 22], these average month aggregates were then distri buted

among the counties in Ohio in proportion to the bulk storage capacity in
each county [Ref. 23]. These data are shown in Figure 19.

The next largest portion of fuels can be found at the retail dealer
- - 

~~

- I establishments ; i.e., gasoline service stations and truck stops . The

average gasol ine station in Ohio has approximately 8,500 gallons of gaso-

r line in hand at any time [Ref. 24], and there are approximately 9,000
IL stations operating in Ohio [Ref. 24]. While the average fuel on hand at

~~~~ 

truck stops is somewhat higher , about 11 ,000 gallons , than for gasol ine
service stations [Ref. 24), the number of these stations, roughly 90 in

- - 
Ohio [Ref. 25]~ is low enough so that, in the aggregate, they contain only

- about 1,000,000 gallons of diesel fuel .

Fuel is also stored on farms in Ohio. It is estimated that well over

— 
90 percent of the farms in the state have some fuel storage capacity
[Ref. 24]. This fuel is significant not only because of its quanti ty, but

also because of its dispersion and relative safety from attack. Generally,
the amount in storage is about 500 gallons [Ref. 24], with some seasonal
var iation. Thi s amounts to a total of 50,000,000 gallons of fuel for the
approx imately 110,000 farms in Ohio. This total is split approximately

evenly between di esel fuel and gasoline [Ref. 26].

In sum, the total significant preattack fuel stocks in Ohio at any
I one time are approximately 300 million gallons of gasol ine and 180 million

- gallons of diesel fuel and other distillate fuel oils.
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C. CURRENT ENERGY PRODUCTION IN OHIO

1. Petroleum

Ohio is the 19th ranked state in terms of crude oil production in the
U.S. Its daily production is about 30,000 barrels , spread among 17,000
wells [Ref. 27). These wells are primarily ~

I stripper u wells; i.e.,

I individually, they produce small amounts of crude. Most of this crude oil

-
~~ is refined outside of Ohio [Ref. 27].

Ohio has signifi cant capacity for fining oil. However, almos t all
of the crude oil refined in Ohio comes from out-of-state sources [Ref. 28).

I Figure 20 shows the capacity for refining crude oil , in terms of barrels
of crude oil per day. Figure 21 shows Ohio ’s capacity for production of

~~~~ 

gasoline , also in barrels/day. As can be seen in these maps , Ohio ’s o i l
1,1 refining capacity is confined to five counties and a total of seven

refiner ies , one of which is operable but presently shut down [Refs. 29, 30].

2. Coal

Li Production of coal in Ohio is approximately 45 mi llibn net tons

-
- 

- 
annually. Coal production is detailed by county in Figure 22. Most of

the coal i n Oh io i- s produced in underground mines as opposed to surface
or strip mines [Ref. 28].

The primary use for coal in Ohio is electrical power generation.
Approximately the same amount of coal , 45 million net tons, is consumed

U annually for this purpose as is produced in the state [Ref. 28]. However,

normally Ohio exports about 12 million tons of coal while importing about

U 37 million tons. The excess imported coal is consumed in other industries ;
e.g., steel production [Ref. 28].

3. Electrical Power Generation -

- 

Approximately 80 million megawatt hours of electricity are generated

annual ly in Ohio [Ref. 28). The distri bution of electrical power genera—

-

- 

11 tion on a county-level basis is depicted in Figure 23. The electric power
Ii grid is shown in Figure 24. In Ohio, 96 percent of all electric power

~ ll 49
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generation is coal fueled [Ref. 28J. As noted above, consumption of coal
for production of electricity l~ approximately 45 -iiillion tons per year.

0. POSTATTACK ENERGY I 
-

L Before considering the effects of the attack on fuel in storage, the
consequences of a relocation of the at-risk population of Ohio, primaril y
by automobile, should be taken Into account. The typical distance that
evacuees w i ll have to travel to reach their hos t coun ties is somew hat
less than 100 mi l es. Because the average relocation distance is relative-

ly short, l ittle refueling along the way will be necessary. Assuming
that the average car presently gets about 15 miles per gallon , the

average amount of gasol ine required will be roughly 7 gallons. However,

cars generally have at least a few gallons in the tank, so t hat the amoun t
— required for relocation would be correspondingly reduced .

- 

- - 

The number of cars estimated to relocate with the populati on out 
- -

of r isk areas -is 3,350,000. In these same risk areas, the total avail-
able gasol ine at service stations is 48 million gal l ons [Ref. 24, 33).
Th is is more than 14 gallons per car, or twice what would be needed to
reloca te, even if cars were assumed to have no gasoline in their tanks.
Thus , consumption of gasoline during the relocation will not have a
significant impact on postattack supplies , since all of the required
gasoline can be supplied from service stations in the areas at risk.

Furthermore, most of these fuel stocks would be lost to the attack if
lef t in place.

The destruction caused by the attack to both fuel supplies in storage
and production and refining facilities is severe. Table 6B, wh ich
parallels the information provided in Table 6A, Ind icates the surviving

suppl ies. As a consequence of the concentration of bulk storage facilities
in risk areas , only about 30 percent of these stocks survive . This damage
assessment assumes complete destruction of storage facilities inside 5—psi

- blast overpressure contours [Refs . 16, 34, 35]. Using the same damage
criterion , approximately 38 percent of the stocks at retail dealer

55
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establishments survive. Only the fuels on hand on farms survive the attack
without significant damage. The total fuel in storage in Ohio after the
attack i s app rox imately 110 mill ion gallons of gosoline and 78,000 gallons
c-f diesel fuel and other distillates .

These remaining fuel stocks will be of extreme importance in the -

first year following the attack because the damage done to the petroleum - -

refineries in Ohio makes continued production in the first postattack year
highly uncertain [Ref. 36]. Of the seve i refineries in Ohio, six are
destroyed, again using 5 psi as the lethal blast overpressure. The remain-
ing facility is a small one in Hancock County with a capacity of 20,400 

-

barrels of crude oil per calendar day [Ref. 29]. The Hancock refinery is

operated only on a seasonal basis. It has no capacity to produce gasoline ,

but does produce some diesel fuel [Ref. 30]. As a result of the relati ve

di spersal of Oh io ’s 17 ,000 o i l wells , it is expected that they would mostly

surv i ve , and might be abl e to supply this one facility wi th crude oil. IWhether limi ted refining and production would be possible would also depend

on other variables such as transportation for the oil and the availability —

of elec tricity. -

The problem of continued coal production would be similar to that of
crude oil production. The mines , like the wells, would not be damaged .1

directly by the attack. However, the mines , which are of the underground -1
type, woul d need electricity to operate. j

Electrical generating capacity also is heavily damaged by the attack.
Roughly 40 percent of generating capacity survives undamaged . However,
severe damage to the power grid might make transmission of the power to
areas where it would be needed problematic. Clearly, some local regions -~

would have power. Coal-fired central stations tend to maintain roughly
80 to 100 days 1 normal supply [Ref. 35]. Given drasti cally reduced demand 

-
~

for electricity , on-site fuel supplies could probably be stretched until 
- -

some production and distri bution of coal could be resumed. It should be
noted that the TR-82 attack does not assume direct targeting of power plants .
However , FEMA officials believe Soviet targeting of the electrical power
network Is. -likely, and such an attack pattern will probably be incorporated
in future hypothetical attacks used by the agency.
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E. SUMMARY ,

In the In it ial afterma th of the at tack , fuel reserves in Ohio would be 
- 

-

- abou t 110,000,000 gallons of gasol ine and 78,000,000 gallons of diesel and

j other distillate fuels. These fuels would be critical to the preeminent
survival needs of food production and food transportation , and their use

I would have to be severely restricted to these purposes. Some petroleum
refining capacity miçht survive , but it would be a small fraction of

I the preattack capacity and would similarly need to be carefully allocated
to critical tasks.
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IV. TRANSPORTATION

• A. ROAD TRANSPORTATION

T Figure 25 is a map of major roads in Ohio. The majority of the road
- network, especially minor roads, survives the postulated attack. In fact ,

a road must essentially be cratered in order to be destroyed. Thus , even
in heavily damaged areas, many roads will remain undamaged except for being
strewn with rubble.

During the first year po.stattack, fuel will be at a premium. Trans..

1 portation by private automobiles will surely be a luxury , perhaps l imi ted
to emergencies and other highly specialized uses. For this study , it was

-
- assumed not to take place .

- The number of bicycles per capita in the U.S. today i~ about 0.4
[Ref. 37]. (Specific data for Ohio were not available). For moving a
given weight a given distance, a bicycle is several times as energy—
efficient as any other mode of transportation [Ref. 38). Evacuees should
be encouraged to bring their bicycles with them, if possible , to use for
individual short—trip transportation after the attack.

— 
Road transportation of goods between counties can be done by truck. I

F Table 7 gives some data regarding trucks. For this study, it was estimated
that about 60 percent of Ohio t s trucks would survive the attack. The
fraction surviving was estimated to be somewhat less than the fraction of

people surviv ing , since a disproportionate fraction of trucks were assumed
to be in the urban areas—-participating in the food distri bution to

evacuees——when the attack occurred.

‘-
~
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LI
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TABL E 7. OHIO TRUCKS -

1-1 —

Number of trucks registered in Ohio (1976)
625 ,000 [Ref . 39)

- Estimated number of trucks surviving the attack (60 percent):
375 ,000

Estimated capacity of large truck: - 

-

Volume : 14 m3 
—

Weight: 11 tons (@ 2 ,000 lb)

Typical truck mi leage: 8 mi les /gallon [Ref . 40, p. 164]

Estimated carrying capacity : ‘~5O ton-mi les/gallon

- - B . RAIL TRANSPORTATION

L. Fi gure 26 is a map of Ohio ’ s railroads . As with roads , the overlay

~~~~ 

shows that much of the network survives . However , whereas a truck driver

I-; mi ght readily traverse a slightly damaged road , a railroad engineer would

- - 
generally not be able to negotiate a “slightly damaged” railroad. Al so ,• L trains have considerably less flexibility than trucks in t u rn ing  around ,
taking alternate routes , etc.

El Table 8 gi ves some data on Ohio railroads and rolling stock. It may
be seen that a train is much more efficient than a truck in carrying a

fl particular weight: ‘~19O ton—mi les/gallon for trains versus ‘~5O ton—miles !

gallon for trucks. -

C. OTHER MODES OF TRANSPORTATION

Figure 27 is a 1968 map of Ohio airports [Ref. 41). Al though the
- largest airports ~ire destroyed by the attack , almost every county has a

small airport. Thus , a minimal amount of air transportation , using small
planes , would probably be possible during the first postattack year.

U
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However , b~cause of the fuel inefficiency of air travel and the limited

[ amount of fuel available postattack, air transportation will presumably
- be limi ted to extremely specialized uses.

Transportation by water was not addressed in this study. However , it

I-
is quite efficient and could probably play a role in the postattack period .

TABLE 8. OHIO RAILROADS AND ROLLING STOCK

Number of all types of -Freight cars: ~4O ,OOO (majority [“~4O to
F 50 percent) would be box cars)

I Number of Locomotives: ‘t~3,5OO

r Amount of regular track: ~7,6OO mi les
Sw itch ing and transfer track : ‘~~ 400

- 
~~,OOO

Capacity of cars (transition now under way from old to new):

Freight cars: Old: ‘~64 tons
-: 

- New: ‘t~9O tons

Gra in cars: Old: ‘~2,O00 bushel s
New: (‘~75%): ‘~3,8OO bushels

Maximum train length : Is limited by number of curves in track.
A “big ” train -is considered to be ~lOO to 150 cars (woul d
require ‘i~2 locomo tives )

Locomoti ve fuel consumption: = 190 ton—mi l es/gallon diesel fuel
= 0.0053 gallon diesel fuel/ton-mile
= 740,000 joules/ton-mile

Source : Refere nce 42.

D. SUMMARY

Li Most trucks would survive the attack, as would roads in all rural

parts of the state. Transportation of goods during the first year could

apparently be accomplished if enough fuel were available.
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V. FOOD
I:

This chapter examines the availability and adequacy of food supplies

[ in Ohio in the first year following a large-scale nuclear attack. In
the first section , important aspects of the postattack diet are detailed .

V ‘ The second section analyzes the size of stored food stocks in the state
La that are undamaged by the attack. • As these stoc ks were ex haus ted , the

resumption of agricultural activities would become an increasingly critical

Li pos tattac k task. Therefore , the fi nal sec tion of th is cha pter cons id ers
the problems likely to affect postattack agriculture .

A. THE POSTATTACK DIET

1. Postattack Need for an Adequate Diet

Perhaps the single most vital task of the first year would be the
provision of an adequate supply of food for the surviving population . The
imnortance of maintaining a sufficient postattack diet is discussed in

detail below.

— a. To Promote the Good Health of the Initial Survivors

Ma l nutrit ion l owers the bo dy ’s res i s tance to infectious d i seases
and inhi bits a person ’s ability to recover from an illness. Further-
more , extremely restricted Caloric intake over extended periods can cause
i rreversible damage to body tissues [Ref. 433. Prevention of dietary

- deficiency , then , would be important if other likely postattack health
problems (e.g., radiation sickness) are not to be exacerbated .

4 II 65

I —“:r-———- —~~ ~~~~~~~~~~~~~



- - - - - —~~ ~~~--~~~~~~ —- —- - -

1
b. To Support Worker Productivity 

- -

Posta-ttack survival and recovery activity would be l abor intensive and
require at least moderate, and most likely arduous, physical work. Aithoug:
limits on food intake may be possible in the short term, restricted diets I
would eventually begin to impede recovery. A study of the effects of
rationing on the out put of German cons truc tion wor kers , coal miners , and 

j

steel workers during World War II found that:

. . .every professional activity requires a fixed
amount of calories. No activity can be continu-

- ~

- ousl y greater than in accor dance with the calor i c •

intake ; otherwise loss of weight is induced , and tthis lowers the capacity, finall y stopping work
entirely.

. . .Our results prove that rationing of food also
means rationing of industrial production of a
country.... Reconstruction is a probl em of calories
[Ref. 44]. j

Inadequate diet may even constrain food production itself , thereby creating -~ 
-

a “subsistence loop ” ; i.e., a situation where food shortages result in
deficient diets for workers, which result in low worker productivity . Low
worker productivity , in turn , reduces food pro duc tion , further diminishing
the food supply, and so on [Ref. 2]. -

In addition to reductions in work output caused by malnutrition T
~~ se, a decline in postattack worker productivity may occur because of
absenteeism induced by a need for workers to hunt for their own food. j
Again , experience during World War II supports this conclusion :

. . .maintenance of a sufficient food supply in a bombed
city is more decisive for the efficient functioning
of manpower than any other type of resource. A plenti-
ful food supply, more rea di ly ob tainable w ith i n the
city than outside is one of the most effective incentives
for workers to remain In a partially damaged city in
spite of other deprivati ons and the danger of future -

~ -

attacks. This was an important factor in the
remarkable recuperation of Hamburg . On the other hand , -

authorities will hardly be able to keep essential • I 
-

workers In a bombed city if the supply of food is not
sufficient. During the later years of World War II ,
food became so scarce in German cities that workers

66 1
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resorted to week-end trips to the country to round out
their food rations through purchases or foraging in

1. farm areas. This caused absenteeism.... The food
scarcity in Japanese cities was generally worse than
in German cities . It is reported from Kobe that day

1. l aborers, badly needed in the war industries , fl ed
to the country after the heavy raids because of food
shortages in the city [Ref. 453. 1

In sum , an adequate postattack diet is required to support the degree of 
I -

1 worker productivity necessary for the difficult work of the survival and
reorganization phases. Although further elaboration will not be provided

r here, the link between food intake and work output raises difficult
questions for postattack planning that center on the tradeoffs between
equity and efficiency resulting from alternative rationing schemes.

c. To Prevent Social Disorder

— Even though food consumption may be sufficient in strictly physiological
terms, postattack social unrest may be evident in a population (like that

- 
in the United States) that is accustomed to a standard of living far above
subsistence [Ref. 2]. Food shortages or monotonous and unpalatable diets f’

L can be causes of unproductive individual behavior , declining morale , and
diminished social cohesion , which , in turn , would work against recovery
efforts. Analyses of the effects of Worl d War II strategic bombing on

L Germany and Japan indicate that:

in some [German] working class areas food shortages
U may have been “the last straw” leading to overt threats

of refusal to work. This observation is in accord wi th
r other reports on the effects of severe food shortages.
1 It is this type of deprivation which seems to have the

1Given the (1) destructive power of nuclear weapons, (2) the likely massive
destruction of urban centers in any large—scale nuclear attack , (3) FEMA ’s
current planning emphasis on crisis relocation , and (4) the nature of the

H economic activities in the initial recovery period , the problem after a
- -  nuclear attack , unlike World War II , will not be to keep the workers in

what remains of the cities . Nonetheless , the World War II experi ence does
- clearly demonstrate the need for sufficient provision of food to maintain

an organized labor force.
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greatest, potential for fulminating overt rebellion and -

countermores behavior. Food shortages have been
emphasized as an important factor in the deterio-
ration of behavioral morale among Japanese civilians
[Ref. 46].

In sum , it is important to begin wi th a statement of broad requirements
because (1) they point to the criticality of the food supply to the progress
of economic and social recovery, and therefore (2) establish limits on the
extent to which diets can be reduced (if any such flexibility is possible).

2. Defining an “Adequate ” Postattack Diet ‘.-~

The postattack demand for food would be determined by the size of the
surviving population and their per capita nutritional requirements . De— 

-

tailed analysis shows that dietary requirements vary between different groups 
r

- 
- as well as wi thin the same group. Degree of physical activity , body ~. -~

size , age, and sex are important factors affecting nutritional needs.
However, if one adopts a postattack perspective , these differences become
relatively small , and , for planning purposes, dietary requirements can
be defined in broad brush; i.e., using simple averages for the entire I
population. Moreover, given the mult itude of uncertainties inherent in
predictions concerning the postattack environment , precise definition of
the nutritional needs of subgroups in the population seems incongruous and
unnecessary . Therefore, an “adequate” postattack diet is defined in
general terms.

a. Calories Li

The most -compelling postattack dietary need will be for Calories or
food energy. ~As one stLldy has noted , “Calorie sufficiency surely does not
guarantee postattack health for all , but Calorie deficiency insures ill 

Fhealth for many .” [Ref. 47] i
A report prepared by a panel of nutritionists for the Food and Agri - -

culture Organization has estimated the food energy requirements of a
“ reference man ” and a “reference woman ” to be 3,000 Calories /day and 2 ,200

68 
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L

Calories/day, respectively [Ref. 483.1 The N.A.S.-N.R.C. Food and Nutri-

fl tion Board in its most recent calculation of recormiended daily dietary
allowances (“designed for the maintenance of good nutrition in practi cally

L 
all heal thy people in the U.S.A.”) indicates a range of needed food energy
from 1 ,300 Calories for very young children to 3,000 Calories for young
adul t males [Ref. 49).

Even when compared with the above standards, the current average

T American daily intake 0-f Calories is luxurious. In 1977, about 3,380
Calories/person—day were consumed . Moreover, s i nce the beg inning of this

century , the number of Calories in the U.S. diet per capita per day has
I never fallen below 3,100 [Ref. 50). Clearly, there would be room for

compression In the Caloric intake of the postattack population. The
question is--How much room?

A variety of estimates of postattack Caloric requirements exists.
At the one extreme , man can survive starvation for up to 60 days or more,

although irreversible damage to body tissues is likely to occur [Ref. 43].

Shelter occupants might be able to subsist on as little as 800 Calories!
person-day [Ref. 51). M.I.T. nutritionists Miller and Scrimshaw estimate
that in the first month or so postattack, 1 ,200 to 1 ,500 Calories/person-

c~y should maintain normal healthy individuals (excluding children under
4 years of age and pregnant and lactating women, who have higher Calori c

requirements) [Ref. 52).

1The reference man “is between 20 to 39 years of age and weighs 65 kg. He
is hea l thy, that is, free from disease and physically active for work.
On , each working day he is employed for 8 hours in an occupati on that
usuall y involves moderate activity . When not at work, he spends 8 hours
in bed , 4 to 6 hours sitting or moving around In only very l ight activity , —

and 2 hours in walking, in ac tive recreat ion , or in household duties.”
The reference woman is similar to the reference man , differing only in her
weight (55 kg) and physical activity . (“She may be engaged for 8 hours

H in general household work, in ligh t industry , or in other moderately

u active work.” ) 
—
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The f irst year after a nuclear attack , however , would probably involve
a fairly high degree of physical work by the population. Therefore, a
daily per capita food energy intake falling in the range of 800 to 1 ,500
Calories will probably prove inadequate. The Department of Agriculture ’s
National Emergency Food Consumption Standard “establishes a maximum level

for consumer food rationing and mass feeding .operations during the

ininediate [unspecified] postattack period of between 2,000 and 2,500
Calor ies per person per day ” which is claimed to be sufficient “to maintain

a reasonabl e degree of heal th and vigor for a limi ted [unspecified) time.”

[Ref. 53) These figures bracket the 2,175 Calories/person—day ration used
by Bernard Sobin in his study of the first one or two postattack years
[Ref. 4]. A recent report of the Joint Committee on Defense Production
argues that an average of 2,700 Calories/person-day would be needed,
assuming moderate postattack activity [Ref. 54]. Rather than attempting to
reconcile these different- assessments of the postattacic Caloric require-

ment, 2,500 Calories/person-day was selected as an appropriate food energy
criterion. For planning purposes, 2,500 Calories/person—day should be
above subsistence when averaged over the entire population , and at the

same time take into account the higher intakes needed for those engaged in

strenuous recovery activities .

b. Protein

After food energy, protein is the next most important category of

nutritional need. Protein is required for tissue growth, development, and 1 1
replacement. It should be noted that Caloric and protein intakes are - -~

related such that, when Caloric deficiency occurs, availabl e protein is not

utilized effectively, some of the protein being used to fulfill energy

rather than protein needs [Ref. 48).

Pogrund has estimated the minima l daily protein requirement to be 0.3

to 0.35 grams/kIlogram of body weight if anima l protein is consumed and

0.5 to 1.0 grams if the protein source is plants [Ref. 43]. The “reference

man ’s” protein requirement would then be 20 to 23 grams (animal protein) ‘I

I
, ~~~~
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or 32 to 65 grams (plant protein), and the “reference woman ’s” need
would be 16 to 19 grams (animal protein) or 28 to 55 grams (plant protein).
The Join t Committee on Defense Production report uses a standard of 30 to
40 grams of protein/person-day. Miller and Scrimshaw set the protein
requirement at 35 grams [Ref. 35]. Sob-i n uses an admittedly high criterion
0-f 60 grams [Ref. 4]. The daily protein requirement range, t hen, appears

Ii to be 20 to 60 grams. Therefore, about 40 grams/person—day would seem a

- - 
good approximation of the protein requirement for the purposes of post-
attack planning. 

-

Aga in, as in the case of Caloric intake, the U.S. per capita per
day consumption of protein is high when compared wi th postattack standards.

- In 1976, Americans , on the average, consumed 100 grams of protein daily.
For most of the years of this century, protein intake has fluctuated around
95 grams [Ref. 50). Thus, curren t pro tein consumpt i on coul d be cut 60
percent in the postattack environment, and the basic dietary need for that
nutrient would still be met.

c. Other Nutr ients

There are , of course , many other rela tivel y less importan t nutr ients.
However , inclus ion of these other nutrients in a def inition of an
“adequate ” postattack diet would needlessly complicate calculations
related to food supply, providing little information of general value to
preparedness planners . Reductions in the supply of these other nutrients
(thiamine, calc ium, phosphorus, iron , riboflavin, iodine , niacin , and
vitamins A , D, K, B6, B12, and C) will not constitute major nutritional

- 

- 

problems (by postattack standards) duri ng the first year or so of recovery.
This is because these nutrients are distributed among a wide variety of

U foods and are often stored -In , or very efficiently utilized by, the body,
or required in smal l amounts [Ref. 523.
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3. Livestock Versus Crops Tradeoff

As previously mentioned , supply of sufficient Calories (‘~2,500) would i }
be the preeminent dietary need during the first year. The damage caused - -

by a large-scale nuclear attack would reduce the available food supply

through direct destruction or disrupti on of food distri bution networks. - 1
Reduction in food supply would concomitantly reduce the total number
of avai lable Calories . Several analyses have suggested that the postattack J
Calorie supply might be stretched through direct human consumpti on of
properly processed plant crops, thus eliminati ng the comparatively in—
efficient prior conversion of plant food to meat food by animals [Refs . 43, 

-

55, 56, 57]. Useful descriptions of expedient preparation of wheat, 1
corn , and soybeans can be found in Maintaining tiutri tional Adequacy During 

U

A Prolonged Food Crisis, a recent report by the Oak Ridge National Laboratory

[Ref. 58]. The total supply of Calories available to the population would 
- I

increase because roughl y 7 or ig inal plant Calories are required to su pply -
~ H

1 Calorie derived from meat [Ref. 43]. Early studies of postattack agri-
culture conducted by the Stanford Research Institute concluded that the
reallocation of feed grains from livestock to human consumption would be ii
one of the single most effective means of expanding total postattack food 

- 
-

production [Refs. 43, 5~].

Just as the current U.S. diet could wi thstand Caloric and protein

reducti ons , so too could it tolerate a shift away from meat and toward I
more non—meat foods (e.g., grains). Other countries maintain an acceptable
standard of nutrition despite a high ratio of vegetable to animal foods. J

- 

— Indeed , in this country, the consumption of grain products has markedly ~ 11
decl ined during this century as compared with an -increase in the consump-
tion of other basic foods. Largely because of a secular ri se in the 

- H

standard of living , Ameri cans as a whole now consume less than half the
quantity of grain products they dId 60 years ago [Ref. 50]. Based on USDA
substitution tables developed for the National Emergency Food Consumption
standard diet , per capita nutritional needs could be met through Ingestion

of 8.5 pounds of cereal or cereal products per week [Ref. 53).
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Yet, although some analysts have referred to grain as a “nearl y :
1

complete food for human consumption ” [Ref. 17] and despite the metabolic
inefficiency of deriving Calories from meat , there are some significant
reasons for not completely liquidating livestock herds in order to
increase postatt~~k agricultural efficiency. Three reasons for maintaining
some fraction of the surviving livestock herds are provided below .1

- a. Livestock are not always in competition with man for crop

L products. 
- 

- ‘

The argume nt that l i ves toc k (ca ttle , swine, sheep , and poul try) are
inefficient food producers due to the loss of Calories in meat production
is true only when the foodstuffs consumed by these animals could be
di rec tly consumed by man. Livestock are often capable of converting
i n e d i b l e , very coarse , highly fibrous cellulose plant materials (e.g.,
grass ,2 straw , ,-~ste fodder, ground corncobs , and alfalfa) into high—
quality food such as meat and milk for man. In addition , in the postattack

env i ronmen t, because the concen tration of rad ioac ti v ity in meat is much

less than in an an imal ’s feed, l ivestock could be used to help screen out

radioactive fallout from the food supply [Refs . 2, 43, 60].

The above statements are not true for all livestock , however . Poultry
are of ten , l i ke man , incapable of consuming certain plant material s
(rum inants , however, can eat these plants). Poultry , then , w i ll l i kel y
compete with man for its feed after a large-scale attack. Thus, as
Pogrund argues , “If the postattack environment should limit agriculture
crops to a predominance of.. .fibrous carbohydrates as a source of energy ,

1lhis discussion is most applicable to those areas of the U.S. where large
numbers of livestock might survive an attack. As the results in Section
B indicate , few l i vestock would survive In Ohio.

21t might be noted that sufficient pasture grass should be available
wherever animal herds survive an attack due to the radioresistance
and regeneration capacity of grass [Ref. 57).
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then , unless chicken feed will have been stored, the s ituation woul d not
be optimal for chicken raising.” [Ref. 43) This competition between

pou1try and man for food would be lessened to some extent by feeding un-
palatabl e substanc’~s to poultry such as cottonseed , inedible fats , or even
soybeans.

Offsetti ng the disadvantage of consumption by poultry of foodstuffs -

that could be directly consumed by man is the fact that poultry provides
animal protein at a greater level of efficiency than other livestock 

-

(with the exception of dairy cattle) [Ref. 43). This raises the issue j
of the tradeoffs involved in determining what type of livestock should be
supported in the postattack period (assuming a positive deci sion is made j  ~ F -
not to slaughter all but a few livestock in order to maximize the Calorie
supply). Ruminants can consume roughages and grain by—products not suitable I
for man (or pcultry). Poultry and swine, on the other hand , compe te with
man for their foodstuffs, but are more efficient in their production of 3
an imal pro tein than the rum inants. It may be that , depending upon local
postattack conditions , var ious “opt imal” mixes of cattle, sheep , ch i ckens ,
and swine might be supported to provide survivors wi th high—quality protein 1 t~,
supplements to a diet based primarily upon grains , which , as discussed 

-

below , provide protein less efficiently than does meat. J :1

b Meat is a better source of protein than plant foods ] 
~An adequate postattack diet has been defined here in terms of both

Calories and protein. Animal protein suppl ies a better balance of essen-

- r tial amino acids than does vegetable protein. Animal products also provide
approximately four times the amount of protein per Calorie as do plants 11
[Ref. 43). Thus , while derivation of Calories directly from plant foods
is more efficient than gaining Calories from meats , the protein quality

of the diet would suffer (even though protein quantity may be adequate).
— Protein provided exclusively by plants potentially could supply all the I

essential amino acids; however, this would require a complex mixture of Li
different plants , a mixture the novitiate vegetarian is unlikely to divine
wi thout Instruction . Finally, young children would be incapable of eating 11
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enough grain to meet their protein requirements. While adults would not
suffer from this problem, their consumption of adequate quantities of grains

L to satisfy their protein needs might produce flatulence and diarrhea -

[Ref. 56].

The protein inadequacies of an “expedient” vegetarian diet could be
al l eviated somewhat by combining soybeans with grains. According to Shinn ,

L If an oilseed meal i s consumed wi th gra in, the amino
~‘- acid deficiency of each is compensated for by the —

other. For example , two parts of ground cereal grain -:

combined with one part of well-processed soybean flour--
or cottonseed or peanut flour-—provides a mixture
with more than 20—percent good-quality , comple te
protein [Ref. 56).

In addition to soybeans, fish could also be used as a protein supple—
men-t to a diet comprised primarily of grains. Following a large-scale
attack , extensive damage to ports , loss of ships and manpower , destru~t ion

of processing facilities, and disruption of the transportation system
woul d essen tiall y cripple marine fisheries to the extent the they would be
unable to augment significantly postattack food supplies . Stocks of inland
fish supply could provide 20 days of daily 10—gram protein supplements for
the enti re U.S. population [Ref. 56].

In sum , some l ivestock should probably be retained in order to
produce meat for protein supplements to the basic postattack diet of grains .

While the overriding postattack dietary need is for Calories , the protein

requirement is also important. In this regard, animal protein is superior

to plan t protein.

c. Some l ivestock will need to be kept alive to allow eventual
postattack replenishment of the herds.

Even if the postattack scarcity of food is so great that Caloric
requirements cannot be fulfilled, some livestock should be preserved in

order to retain the biological basis for the eventual recovery of the
herds at a future time when food shortages become less severe. If
90 percent of the female breeding stock died from- weapons effects or were
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slaughtered to increase the total supply of Calories, it migh t requ ire 11 -

= years for cattle herds to be completely restored, 7 years for sheep herds, -

and only a year or less for swine herds and poultry flocks [Ref. 60).
(The rapid repopulatlon rates of hogs and chickens are additional factors - -

- - that should be taken into account w hen determi n i n g  the “optima lt’ mix
of livestock to be supported in the postattack period.)

ii
4. Food Contamination Danger

One last aspect of the postattack diet requires consideration : the
possible health hazard resulting from radiological contamination of food. 

- -

In general , the deleterious effects of ingesti on of contaminated food -

“are of a protracted nature and their importance is not wel l understood 
-

~~

- 
~I at present.” [Ref. 16) However, to the extent the probl em has been studied ,

there seems to be agreement that the danger of eating contaminated crops
is minor re ’-i4lve to the whole body exposure doses accumulated in a fall-
out conta~- ~,ated environment [Refs . 16, 5, 61]. Moreover , the fal lout
particles on the food itself can be readily removed through simple decon—
tamination procedures (e.g., washing , wiping , peeling , and hulling). Based
on work done at the UT-AEC Agricultural Research Laboratory , it appears
that the majority of surviving, but irradiated , sheep and cattle eventuall y ]
could be used for food in the postattack period [Ref. 62] .

B. STORED FOOD

1. Introduction

The stocks of food on hand in Ohio as part of the normal economic
operation of the state represent the major potential source of food for

-
‘ the postattack environment. Since it is likely that the production of food

‘
I would be temporarily interrupted following an attack, onl y foo d actually

present at the time of the attack was considered in this study. (Post—
attack production of food will be addressed later in this chapter.) Fur-
ther more , since it is also likely that transportation would be disrupted ,

LI
76 i i

1 _ i
- - - -- - - - - - -a---- 

- . 
--——“-—-...- -. - —L~...



- -

—

Ii
[
— 

Ohio was taken to be isolated ; i.e., it was assumed that no food would

enter or leave the s tate .

Three potential sources of food were considered . These three were

crops, farm an imals , and processed food within the food distri bution system.

Of the three , the most sign i ficant in terms of quanti ty and reliability
were crops; specifically, grains and soybeans.

Once the normal stocks of food were known, the next step was to

I estimate what portion of this “inventory” would be destroyed by the attack.

This section first discusses the data on peacetime supplies of food and

[ distri bution and then the attack and its effect on the food stocks .

In the fol lowing calculations, it was estimated that the average

[ person would consume 2,500 Calories per day, in  accordance wi th the

discussion in Section A of this chapter . However , no attempt was made to
consider a nutritionally bal anced diet. For the short-term question of

L. survival , the most important aspect of diet is simply the number of avail -

able Calories. Most of the crop production figures are averages of the

L. productions for the three years 1975-1977.

2. Cro ps -

Stores of grains and soybeans represent the least vulnerable and

l argest supply of food in the event of attack. Large quantities of wheat ,

corn , and soybeans are kept in storage as part of the normal economic

system of farm operation. Much of these stores are kept on farms and thus
are well dispersed and relatively safe from attack. These crops also have

l ong storage l ifetimes.

Yearly production of all crops in Ohio is detailed in Table 9. The
number of harvested acres of each crop is shown . The next column lists

the number of Calories that can be derived from an acre of each crop for
feeding people. Total Calories produced in 1 year is shown in the next

column . /‘lso shown are the amounts of several crops reamining in storage

for various months of the year.
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II
Corn , wheat, and soybeans account for 80 percent of the total harvested

= acreage in Ohio, and more than 90 percent of the available Calori es . How-
ever , whereas wheat is used for human consumption , corn and soybeans are
used primarily as animal feed. Therefore, the total number of Calor ies

- - that would be availabl e for human consumption after an attack would be
heavily dependent on how much of the crops normall y used to feed animals
was diverted to feeding humans. For this reason , two numbers are shown
at the bottom of the table for the total available Calories for feeding
humans from 1 year ’ s crop production , corresponding to two different cases. U

In Case I, only the crops normally consumed by humans are counted . 
- Of the total 2.9 x 1012 Calories produced in one year, 76 percen t are

suppl ied by wheat. Thus, the amount of food available in this case will H
be strongly dependent on the time of the attack in terms of the wheat
harvest and storage cycle. Figure 28 shows the amount of wheat in storage

Li versus the time of year. An attack on October 1 would occur when the
largest amount of wheat, 84 percent of the total production for the year, —

is in storage. Using the present population of Ohio , 10.7 million, and

the expected consumption rate of 2 ,500 Calories per person per day , th i s

corresponds to a 70—day supply of food. An attack on June 1, however ,
~ - woul d occur when wheat stocks were at the ir lowes t, leaving only a 25-day

supply  of food.

U In Case II, crops that are normally used to feed animals are counted

~~~~ 
in  the total for feeding humans. This corresponds to total diversion of

Li crops for animal feed to human consumption. Because feeding crops to
animals and then feeding the animals to people is less efficient in terms
0f Caloric intake than feeding the crops directly to people , Case II might
be closer to the best use of crops under postattack conditions. Of

- course , preserva tion of rela tivel y small numbers of animals for fu ture
rebuilding of the animal populati on would be necessary . However , s ince

Case II is the l imiting case, it was considered worth examining. As will
be discussed in the postattack portion of this chapter , it was also found - 

-
=

that extreme ly few farm animals survived the attack, and so Case II
LI corresponds closely to the actual postattack situation .
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As can be seen in Table 9, Case II shows a large increase in the number I ~of Calories availabl e for human consumption . Now the major source of Calories

becomes corn and soybeans. The Calories resulting from these two crops, which

L are harvested and stored on about the same schedule, amount to 84 percent of

the total Calories from all crops. The amount of available food is again

L 
dependent on the time of year, but now the corn schedule is dominant.
Figure 29 shows the amount of corn in storage versus the time of year. On
January 1, 74 percent of the total corn production and 67 percent of the
total soybean production is in storage . This represents a 620--~-day supply of
food. On October 1 , however , corn stocks have dropped to 9 percent and
soybeans to 8 percent, which amounts to a 130 —day supply. Table 10

suninari zes the supply of food from crops for the two cases.
t

TABLE 10. SUMMARY OF SUPPLIES OF CROPS IN OHIO

I: Case I:

No Diversion of Animal Feed Crops

Date of Attack Food Supply in Days (Wheat)

October 1 70 (maximum)
June 1 25 (minimum )

~ii
- 

Case II:

Li Total Diversion of Animal Feed Crops

Food Supply in Days (Wheat,
Date of Attack Corn , and Soybeans)

January 1 620 (maximum )

October 1 130 (minimum )

[1
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3. Farm Animals -

The availability of food from farm animals is not as clear an issue
as from crops. First, the animals are far more vulnerable to the attack

L than crops. Second , as was previously discussed , it may be advisable
to divert most animal-feed crops to human consumption , and slaughter

- t  most of the animal population. In either situation, it might be possible

~~ to salvage the animals for meat if some basic method for preserving the

meat were available. However, present meat processing facilities tend to
- be concentrated in urban areas and are likely to be destroyed. It is un-

T likely that the remaining facilities could process the sudden flow of

animals resulting from either of the two situations. Because of these

-- cons iderations , it may be better to consider farm animals as a potential ,

but not necessarily reliable , source of food, or as a protein supplement

- 
to a primarily grain-based postattack diet . However , in order to complete
the inventory of food on hand in Ohio , an assessment was made of the supply
of meat available from farm animals. Table 11 details this supply. The

U total number of animals on hand was multipl ied by a factor that predicts
the number of days the food from one animal can support one person. These
factors we re adopted from a paper by Garland [Ref. 65]. The total for this

~~~~

I 

method , which includes sheep , chickens, and turkeys, was 60 days.

- - 4. Stocks of Food Wi thin the Food Distribution System

There are several points wi thin the food distribution system where
potential supplies of food are located. The four major points are house-
holds , retail stores , wholesale suppl iers, and food processors . A fifth
possible source of food is eating establishments , either publ ic or those
associated with schools, hospitals, etc. However , these are believed to

- - have only about a 2-day supply [Ref. 66]. Also there may be about a half-
day supply of food actually in transportation at any moment [Ref. 67]. These

U last two sources were neglected.

- 8 3
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TABLE 11 . SUPPLY OF MEAT FROM ANIMALS ON HAND IN OHIO

Number of Animals Conversion Factor Person—Days
on Hand (1O~j_ (Person—Days/Animal) j106)

Cattle 2,250 161 362 - 
- 

-

Swine 1 ,825 133 243

Sheep 423 20.8 8.8

Chickens 11 ,500 0.56 6.4

Turkeys 3,098 4 .2 13.0 
- .

Total 633.2

:1
633.2 x 106 person—days = 60 da10.7 x 106 people YS

The last detailed studies of stocks of food in the distribution system ‘

were performed by the Economic Research Service of the USDA from 1957
to 1964 [Ref. 68]. These studies provided estimates for stocks of food
on the county level across the United States . Al though they are several
years old , they were cited in a 1977 report by the USDA [Ref. 66] as still

- - 
I

- bei ng gene ra l l y accurate [Ref. 67].

In the USDA studies , the consumption rate was estimated to be 2,000
Calories/person—day . The figures shown here were adjusted to reflect a
rate of 2 ,500 Calories /person—day. Seasonal variati ons in food supplies
in the distri bution system in Ohio were found to be small , amounting to

only about 3-day difference between the high point in January and the low
- - point in July. Table 12 lists the number of days available from each of

the four major distribution sources and the total.
LI~~
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TABLE 12. STOCKS OF FOOD WITHIN THE FOOD DISTRIBUTION SYSTEM IN OHIO

Source Supply of Food (daysI

- 
- I Households 

- 

10
- - 

- Retail S~ores 12
- 

- E Wholesale Warehouses 11
Food Processors 20

- Total ~5O

5. Preattack Supplies-—Statewi de H
r The total supply of food available from crops, farm animals , and the

- - 

- 
food distribution system is shown in Table 13. It- is clear that even with
the addition of food from farm animals and the distri bution system, the
total supply is still strongly infl uenced by the crops and the date of

TABLE 13. PREATTACK TOTAL SUPPLIES OF FOOD IN OHIO

- 

Case I Case II
- (Animals preserved, feed (Animals eaten, feed —

- 
crops not diverted crops diverted to

to human consumption]. human consumptfon~
- 

October 1 June 1 January 1 October 1

- 

- 

Crops (days) 70 25 620 130

Farm Animals (days) — - 60 60
L U Food in Distribution 50 50 50 50

System (days)

1. Total (days ) 120 75 730 240
(maximum) (minimum ) (maximum) (minimum)

a
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attack. For this reason , totals are shown for the dates corresponding

to the maximum and minimum suppl ies for each of the two cases of crop use
discussed earlier. The total supply of food on hand in Ohio ranges from
a minimum of 75 days on June 1 under Case I to a maximum of 730 days on

January 1 under Case II.

6. Preattack Supplies——Count y—Level Data

The next step in the process of assessing food suppl ies in Ohio was
to estimate the food reserves for each of Ohio ’ s 88 counties . First , this

- 
I is an important piece of information in itself , s ince rural areas that

produce food but have small populations will obviously have an excess of
I - food compared with urban areas that have larger populations . Second ,

in order to estimate the damage done by the attack to the food supplies ,

it is first necessary to know the location of the food within the state.

County-leve l data on crop production , farm animal populations , and
processed food are available from USDA [Ref. 63]. For animals and processed
food , estimating the amount of food available in each county is straight-
forward. The situation for crops, however , is more complicated .

As has already been shown, corn, wheat , and soybeans are all . 

~fharvested and stored on a different yearly schedule. Corn and soybeans ~~~ 
I 

r
tend to parallel each other, whereas the wheat schedule is skewed from the
others by several months. Moreover , the location of storage , either on
or off farms, which is known as the grain “position ,” is also different
for each crop. Table 14 shows the fraction of the year ’ s production
of each crop that is in storage on January 1 and Oct ober 1 and the 

-~~~

fractions of thi s that are on farms and off farms .

Corn, which is used primarily as animal feed, is stored for the most
part on the farms . Wheat , on the other hand , which is used for human
consumption , Is transported off the farms for processing and shipping and
so tends to accumulate in storage facil ities in large industrial centers .
Soybeans, which are used mostly for animal feed but which are processed

first , fall between corn and wheat in terms of the fraction stored on
farms .

8€
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~ TABLE 14. CROPS IN STORAGE POSITIONS IN OHIO FOR JANUARY 1 AND OCTOBER 1

Percent of Harvest Percent of Storage Percent of Storage

L 
in Storage on Farms off Farms

- Jan 1 Oct 1 Jan 1 Oct 1 Jan 1 Oct 1

Corn 74 10 - 67 51 33 49

Soybeans 67 8 50 40 50 50

I Wheat 64 84 17 20 83 80

L Unfortunately, Ohio keeps no records of the actual amounts of grain
in storage at individual commercial facilities. However , storage facility
capacities are tabulated by county [Ref. 69]. These capacities are shown
in Figure 30. This data allowed estimates to be made of the amount of

- grain in storage in a county by apportioning the amount of the crop in off-
farm storage to each county on the basis of storage site capacity .

- The totals for the amount of food (crops , farm animals , and processed
- food) on hand in each county were prepared . Figures 31 and 32 show the

results for the two times already discussed , January 1 and October 1. The
amount of food in each county is measured in man-days ; i.e., units of
2 ,500 Calories. The darker a county is shown , the more food it has. In

- 
order to put the data in more intuitive form, a second scale is shown .

/ - 
This scale indi cates how long the food supply in each county would last if

U the present population of Ohio was divided evenly among the 88 counties .
The maps clearly show that the western region is the food—producing portion

- 

of the state . The light band running along the southeast side of the state
1 corresponds to the coal mining areas , which produce relatively little food .

The population , of course , is not spread uniformly across the state.
Because of this , the duration of the food supplies in a county will be
dependent on the population. Figures 33 and 34 show the actual expected
duration of the food supplies in each county based on the present peace—

- 

time distri bution of the population for the two dates of attack. Since
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population tends to be least dense in exactl y those counties where the
mos t food is, the western counties have very long duration times and
appear the darkest.

Finally, Figures 35 and 36 show the expec-ted duration of food supplies
for relocated population . Since the population is distributed more evenly
in this situation, the supply of food is spread somewhat more evenly among
the population , although the western counties still have longer duration
times. -

7. Damage Assessment

a. Grains

Each of the three sources of food has a different vulnerability to
the attack. Grains , once in storage , are safe from fallout and radiation .
Furthermore , the grain stored on farms is safe from blast , since the

rural areas are , for the most part , unaffected by blast under this attack.
This means that most of the corn and soybeans would survive the attack.
Much of the wheat , however , since its storage is centralized in urban areas ,
is lost. In estimating the losses due to the attack , any grain in storage - -

in areas receiving 5 psi or more overpressure was considered destroyed .
This was considered to be a conservative assumption since it might be
possible to salvage some of the stored grain in destroyed facilities.

b. Farm An imals

Farm an imals are also unaffected by blast since they too are located

U principally in rural areas. However , they are very susceptible to radia-
tion. In fact, the study showed that extremely few swine and cattle ,

U which make up the vast majority of the meat supply, would survive the
attack.

II
- I I  93

1 



— - _ _
~~~~~~~~~~~~~~~~~~~~~~~~~~ w~~~~~~~~~~~~~~~_~~~~— - _ 

—- 

. 
~~~~~

~~~~~~~~~~~~~~~

..DNR1~H.1.

__________  ~~~~~~~

BEE I

-~ ~0&S MOMBOL

:::::::::::::: ::::~~i ::: —

- .... .::::~~~~~~~~~ : :~~I~lc~~:::: _____

L .~~~~~~~~ 411.1GB

:-:-:-:-:-:~~~:-:-:-:-:~ :-:-:-:-:-:-:-:- - -

_
_- - -:-:-:-: -:- :-:-:- :-:-:- :-:~~~~~.:- -

.ARd~~ 
________ 

~Mu&

STAT EWIDE AVERAGE: 730 DAYS

~~~ 1 MONTH OR LESS
:~~ 1 TO 3 MONTHS
:-:•:- 3 TO 6 M O N T H S

SCALE p~IeII::.:.:. 6 MONTHS TO 1 YEAR 
~ TO 20 30 40 50

1 TO 2 Y E A RS  _ _ _ _ _ _ _ _ _ _ _ _ _

2 YEARS OR MORE

FIGURE 35. DURATION OF PREATTACK FOOD SUPPLIES ON HAND IN OHIO ON
JANUARY 1 FOR POPULATION RELOCATED BY SPC METHOD

94

~~~—~------— 

~~~~~~ ~~~~~~ -~~ - - - -



~r’ 
- - ~~~~~~~~~~~~~~~~~ ~- - =— - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~-~~—~~~~~ —

~~‘~~
::- 

~

I
j

# . .~~~~

______ ~~~~~~ A.

$~~~
~~~~~~~ 

_ ~~ H 
—

N ~w-~~ 
______ ~~~~~~~ 

4.IoN~E. 4~~
.::: ~ _ _ _  

_

.4 ‘I- 
•~ 

_______ 
________mc-

~

. 4+* _____________ 
I~eWMRI~ l~

~l*.w 
_ _ _  __ _ _ _ _

_____ S
~ _ _

~:~33~:: ~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ::~~:::::: :~ ~~~~~~~~

______________ ~DI.~C~k HARRISON

-I-. 
_______ I ~~~ ~~~~M

’ 

I 
________

~~~~~ _______________ -0Q~*. -~~ GUERNEEE ________
_____________________ ______________ MUSEINAUM

___________ ________ > ____________

________ 

) 
__________ E)GEEEO~ IRIi*~ __________ 

,~OELE

.- .
- 

~~.r ~ — 
I

_____________ 
~~~~~~~ Ø~4~~~~~TONH 

_______

44.~~I X4$~~ 
~.1 ATHENS

J_ J _

_________ MOIGS

STATEWIDE AVERA GE 240 DAYS
I MONTH OR LESS ::“

U :~~::: I TO 3 MONTHS
:::::: 3 TO 6 MONTHS SCALE miI..I

6 MONTHS TO 1 YEAR 0 1? ~ 30 40 BO
1 TO 2 YEARS
2 YEARS OR MORE

— FIGURE 36. DURATION OF PREATTACK FOOD SUPPLIES ON HAND IN OHIO ON
OCTOBER 1 FOR POPULATION RELOCATED BY SPC METHOD

95

- -I
-

~

- - - -- - - - - - - - — ~-~~~~ 
— - -  J



r 
—

~~~~~~

- - -

Table 15 show s the estimated LD50 (the dose of gamma radioactivity
required to kill half the animals) for cattle and swine for various
situations [Ref. 7O~. These figures were derived using simulated fallout
experiments rather than simple whole body exposures. Hence , lethality
figures are markedly different for different types of circumstances.
Animals confined in buildings such as barns or hog houses receive only
whole body gamma radiation from the fallaut depos ited on or around the
bu i ldi ngs. In pens or corrals , however , the animals rece ive bo th the who le
body radiation and a further dose of beta radiation from fallout deposited
on their backs. This has an additional weakening effect on the animals ,

and thus the effective gamma LD50 is lower. Finally, animals that are in

pasture are even more susceptible because they ingest fallout that has
been deposited on plants. As can be seen in this table , cattle are parti-
cularly susceptible to this effect because they are ruminants , and the
fallout tends to collect in thei r gastrointestinal tract. -:

TABLE 15. ESTIMATED LIVESTOCK LETHALITY (LD5O/6fl ) FROM
FALLOUT-GAMMA-RADIATION EXPOSURE ALbNE AND
IN COMBINATION WITH BETA RADIATION - 

-

Tota’ Gamma Exposure , R

Barn Pen or Corral Pa~tu..ea
(Whole Body) (Whole Body + Sk~n) (W hole Body + Skin + GI)

Cattle 500 
- 

450 180a -~~

Swine - 640 600b 550b - - -

a,~ sumed forage retention of 7 to 9 percent.
bNo data available.

Source: Reference 70.
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Clearl y, the animals that are the safest are those that could be

L confined to barns. However, farms in Ohio generally tend not to have
enough buildings to house all the cattl e and swine on hand . Moreover, even
inside the barns the animals would not be safe . Table 16 shows lethality

- - 
[ doses for cattle and swine versus doses for simple whole body radiation , which

would be the case for animals confined in barns [Ref. 71]. Table 17 shows[ the PF factors associated with common fa rm buildings . The data from the
three tables were extrapolated and combined wi th the fallout patterns

F discussed in the section on the attack to produce Figures 37 and 38.
These show the areas in Ohio that receive radiation doses high enough to
kill at least 90 percent of all cattle or swine for various shelter cir—
cumstances; i.e., whether the animals are in buildings , pens , or fields.
Only in a narrow band across the center of the state was the fallout low

- enough for any significant number of cattle and swine to survive. Since
the few animals that did survive would have to be saved for breeding, the

attack would effectively destroy the entire supply of meat in Ohio , except ,
of course , for that which was already processed .

TABLE 16. ESTIMATED SURVIVAL OF LIVESTOCK CONFINED IN BARNS OR
OTHER STRUCTURES FROM GAMMA ExpOSuREa

Cattle Swine

- - Exposure Survival Exposure Survival
(R) (%) (R)  (%)

L 0 - 250 100 0 - 350 100

- - - . 
300 95 400 90

1— 
~ 

400 90 500 70
500 50 660 50

1’ 600 10 800 10

a
~xposure given is that actually received over the peri od 96 to 120 hours
after fallout deposition .

Source : Reference 71
~
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TABLE 17. PROTECTION OFFERED BY COMMON FARM STRUCTURES

PF Type of Shelter

10—20 Large barns , concre te or masonr y
2 .5—5 Large frame barns

2-3 Conventional frame barns
2 Conventional hoghouse (part concrete block)

2.5-5 Full masonry or concrete block hoghouse
1.25—1.7 Pole barns , loafing sheds , stock confined

under roof
5 Multistory poultry houses , masonry

1.1— 3.3 Other poultry houses

Source: Reference 71

c. Processed Food

- Processed food is vulnerable only to the blast effec~s of the attack.
Once food is packaged , it is safe from fallout contamination . Much of this
foo d , unfortunately, is in warehouses, packin g plan ts , and processing
facilities that tend to be concentrated in urban areas . (Only about 20
percent of processed food is in ‘-‘mseholds.) Because of this , it was 

—

estimated that , in counties that nad urban areas that were destroyed by
bl ast , approximately 80 perce nt of the processed food stocks would be
destroyed. Again , this is a conservative assumption. It might be possible
to salvage some portion of the processed and packaged food even in destroyed
p}ants and warehouses. Those counties that suffered no direct blast
effects were considered to reta in all such supplies.

8. Postattack Supplies——Statewide

H Using the above cri teria , the statewi de food supply that survived the 
9

attack was estimated . Table 18 summarizes the results , along wi th data for Li
fatalities from the attack (as described in the attack section of this
report).
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TABLE 18. SUMMARY OF SUPPLIES OF FOOD, POPULATION ,
AND DURATION OF SUPPLIES IN OHIO

Preattack Postattack Percent Change

Jan 1 Oct 1 Jan 1 Oct 1 Jan 1 Oct 1

Food
(106 man-days) 7,800 2,600 6,400 1 ,500 —18 —41
Popul ation
(103) 10,700 10,700 8,700 8,700 -18 -18
Duration of
Supplies (days) 730 240 740 180 +1 —28

An attack on January 1 destroys approximately 18 percent of the total
food reserves of the state. On October 1 , however , the situation is much
worse. First, the amount of food in storage is much smaller , and second ,
the attack destroys about 41 percent of it. This is primarily because , as
was al ready di scussed , on October 1 , most of the food is wheat, and the
storage of wheat is very centralized . Sinc~ the attack kills the same
numbers of people , about 18 percent , on either date, the duration of r
supplies after the attack in October is considerably shortened . For the
attack on January 1 , the expected duration of food suDplies is about 740
days , which is about the same as it was before the attack since the
fatalities are in about th~ same ratio as the destruction of food. Given
an attack on October 1 , however , the duration of food supplies would be
expected to be only about 180 days.

9. Postattack Supplies——Count y-Level Data

Estimates of the supplies of food that survived the actack in each

county were also prepared . Figures 39 and 40 show these supplies for the

two dates. These maps parallel the pr~attack maps , Figures 31 and 32

[} shown earlier . Note that the alternative scale has now changed . This is

because the average population per county is now based on the 82 percent

surv ival rate.

101

~ ll
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



r - —

L.R E .•

c.uuç4

CUYAI4OGA

4—

t1~~~~i1i

JEFf ERSON

I#RRISON

ou~uusvv OE~~~ Nt

NOBLE MONROE

ATH ENS

VIN T ON

ME ISO

J
3~1bCf~. 

g~~ IA

J~EWRENCE

~~~ 0 TO 5 MILLION MAN-DAYS (APPROXIMAT ELY
0 TO 50 DAYS SUPPLY FOR AVERAGE STATEWIDE AV ERAGE 740 DAYSCOUNTY POPULATiON)

E 5 TO 10 MILLION MAN-DAYS (50 TO 100 DAYS)
13 TQ 25 MILLION MAN-DAYS (100 TO 250 DAYS)

~:•:~: 25 TQ 50 MILLION MAN DAYS (250 10 500 DAYS) ~~~~~~~~~~ISO TO 100 MILLION MAN-DAYS (500 TO 1000 DAYS) S l? 

~?100 MILLION MAN•OAYS OR MORE (1000 DAYS OR MORE)

FIGURE 39. POSTATTACK FOOD SUPPLIES ON HAND IN OHIO ON JANUARY 1

102

I



- — — - - - ~~~~~L 
~~~~~~~~~~~~~~~~~~~~~~~

LAKE

.~~~~~~~~ 440 GUA1~A

cusasoGi TRUMSUU.

~~~~ ~~
~~~~ ~bi*

SUMMIT

.5mM

I-ft.
CAPROU.

c ‘.~~
,sq+ 

9E2*t( ivsçaR*mAK JEFfERSON

44~~
co~MooTIp( HARRISON

GUERNSEY

—

PERRY MOREl MONROE

_ _  MORGAN

lOcKING 
WASHINGTON

~uie ~~d~fN. 
AThENS

V INTON

MOOS
CURMONT PIKE 

J~~~ SON

IWNENOS

0 TO 5 MILLION MAN-DAYS (APPROXIMA TELY STATEWIDE AVERAGE: 180 DAYS
O TO 50 DAYS SUPPLY FOR AVERA GE
COUNTY POPULATION)

~~~ :- _ 5 TO 10 MILLION MAN-DAYS (50 TO 100 DAYS)
::: 10 TO 25 MILLION MAN-DAYS (100 TO 250 DAYS) SCALE In~ I.. I

25 TO 50 MILLION MAN-DAYS (250 TO 500 DAYS) 
~50 TO 100 MILLION MAN-DAYS (500 TO 1000 DAYS)

100 MILLION MAN- DAYS OR MORE (1000 DAYS OR MORE)

FIGURE 40. POSTATTACK FOOD SUPPLIES ON HAND IN OHIO ON OCTOBER 1

103

- - -~~~ - - --~~~~ - - ---~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -. ——--~~~~ -~~~~~~ —-



Figures 41 and 42 show the expected duration of food supplies in each
county for the two dates of attack. The population distri bution used in
preparing these maps corresponds to the survivors of the attack. It
assumes that the population had evacuated according to the Crisis Relocation
Plan (described in an earl ier chapter) before the attack began and is the
same as shown in Figure 18. Again , it is clear from these maps that the
western regions of the state have much longer expected duration times for
food supplies . The situation is particularly critical in October, when
several counties in the southeastern portion of Ohio would be left with
less than a month’ s suppl y of food.

10. Sumary of Stored Food

The above data point out clearly that the season of an attack would
have a strong impact on tho chances of the population to survi ve. As has
been shown , follow ing an attack on January 1 , the expected time that
stored food would last is about 2 years. Although some counties would - .
have shortages of food, these local problems could probably be solved if

some transportation were available. The 2-year supply of food would give 
-
~~ r

the population time to restart food production before shortages arose on a

wide scale.

An attack on October 1 , however, would come at a critical time in the

food supply schedule. rhe attack would occur as farmers were preparing
to harvest the corn crop. The crop might be lost because the farmers would
be unable to go into the fie ds due to high levels of radiation. The

$ 
data show that on October 1 there would be only 180 days supply of food.
Furthermore, shortages of food in many counties would occur almost imediate-
ly. Some counties would run out of food in only a week or two. Thus ,

the reestablishment of transportation of food would be criti cal . Further-

more, under these circumstances, the resumption of agriculture also would
be critical in order that more food could be produced before the existing
suppl ies were exhausted . The following section dIscusses the resumption

of agriculture and the expected crop yields in the postattack period .
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AGRICULTURE

L 1. IntroductIon

Depending on the season of the attack , food supplies in Ohio could be

expected to last from 6 months to 2 years. During this period (i.e., before

surviving food stocks were exhausted), agriculture would h4ve to be resumed.

The obstacles facing farmers in ccntlnuing agricu l tural production in the

postattack period can be divided into two categories: (1) those that

T depend on the timing of the attack vis—à-vis the crop season , and (2) those

that will affect farming regardless of the time of the attack. These

obstacles are described in the following two sections.

2. Seasonally Dependent Obstacles

1.. A detailed answer to the question of how farming would begin again
immediately after attacks occurring at different times of the year would be
extremely complicated and beyond the scope of this report. Such obstacles
relate primarily to the interactiorl of the fallout wi th crops in the fiel d
and would determine what procedures the farmers would ne2d to follow to
restart farming. Table 19 shows the gamma dose required to reduce crop

yi eld by 50 percent for corn , wheat, soybeans, and other crops. Since
large areas of Ohio receive ganma doses in these ranges , major crop los’~es
would be a distinct possibflity. Furthermore, beta radiation would cause

additional crop damage. The combined effects of g~ma and beta radiation
on crops as a function of dose, exposure-rate, crop type, stage of growth ,

and numerous environmental factors (e.g., moisture 1 temperature, light ,
etc.) is quite complicated ; the reader is referred to Reference 70 for a

fuller discussion . In any case-, at certain times of the year, destruction
of crops in the field would be greater than at others. In addition , at

Li 
some times of the year, particularly at harvest , crops could be susceptible
to damage (e.g., rotting ) if farmers were denied access to croplands until

fallout levels diminished to safe levels. Thus, attacks at different

times of the year might produce signifi cantly different crop yi ~ds for

the following harvest.
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TABLE 19. GAMMA DOSE IN R0EN~GENS TO REDUCE
CROP YIELD BY 50 pERCENTa ,b

Peas Broadbean Less than 1 ,000
Rye, Barley, Onion 1,000 - 2,000
Whea t, Corn, Oats, Cucumber 2,000 - 4,000
Peanut , Al falfa , Fescue, Sorghum 4,000 - 6,000
Cotton, Sugar Cane , Melon-s 1 Celery 6,000 - 8,000
Soybeans , Beets , Broccol i, Red Clover 8,000 - 12 ,000 -

Rice, Turnip s , Sweet Potatoes, Strawberries 12,000 - 16 ,OÔO -

I 
- 

- Squash l6,00U - 24,000
A.)

asource: References 70, 73. .1 j
bBeta radiation could cause additional damage (see Ref. 70). .1

An attack in winter would presumably do the least damage to the crops.
The corn and soybeans would not yet be planted , and by spring radiati on
levels woul d be safe. The wheat plants would be in the ground , and , 

-

- 
~

- al though they might suffer some damage , it would probably not ’ be severe.
At this time in the year, the crops require the least attention , and so
the absence of farm husbandry would not have any serious consequences.

— In the spri ng , an attack could interrupt planting and cause it to be 3
— postponed for several weeks. If the attack occurred later in the spring

or early sumer , radiation damage could be serious. It is possible that
replan ting of the crops would be the best way to ensure a full harvest in

the fall , but this would depend on the availability of seed and on seasonal

var i ables , e.g., rainfall.

Depending on many details [Ref. 70], an attack in summer might or
might not result in serious reduction in crop yields from fallout.

By fall , however , a critical period would be reached as harvest J
approached. Although the plants would be less biologically vulnerable b j
fal lout damage, an attack just prlo’- to the harvest would keep the farmers Uout of the fields and prevent them from harvesting on schedule. The effect
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~~ on the crops would then likel y depend on weather. If the crops in the field —

~~~

- remained dry , they would probably still be in good condition when the
farmers were able to leave their fallout shelters and begin the harvest.

- -  On the other hand , rainy weather could result in serious loss of the crops
in the f ield.

I In snort, the effects of the time of the attack on crop yields are
quite complex and dependent in large part on uncontrollable circumstances .

I Further research in thi s area would be clearl y valuable.

3. Seasonally Independent Obstacles

Modern mechanized agricultural techniques in the United States require
large amounts of several inputs such as fuel and fertilizers. Without these

L inputs , crop yields would be expected to drop significantly [Ref. 72]. In

- the postattack period , availability of these inputs would be limited .

- 
Farmers might have to modify their farming techniques in order to maximize
crop yiel d for the amounts and mi xes of i nputs that would be available.

The availability of farm machinery should not be a l imiting constraint
or postattack agriculture . Large numbers of farm machines are located on
farms today. Only a small fraction of these machines would be damaged by
direct weapon-s effects since farm equipment is relatively durable, and
possibilities for cannibalization would permit repairs and reduce the need
for spare parts [Ref. 74j. Rather, fuel availability will likely be the
major determinant of the character of postattack agricu~ture. Fuel for the
farm is discussed in the next section . In the following section , other
agricultural inputs—— fertilizer , pesticides, and seeds-—are considered.

a. Fu&

Table 20 shows the amoun t of fuel used per acre for farming in the
United States for the three major crops in Ohio--corn , wheat, and soybeans.

Li Shown wi th these numbers is the total number of acres of each crop harvested
in Ohio annually . In order to maintain preattack levels of mechanization ,
a minimum of about 160 million gallons of fuel would be necessary for use

[1 
- - 
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in postattack agriculture. This sum Includes only those three major crops

and makes no allowances for other crops that are currently harvested in

relatively smaller amounts in Ohio. 
-

TABLE 20. FUEL REQUIREMENTS FOR AGRICULTURE

4 Acres Fuel/Acre Fuel
(10 ) (gal) (10 gal)

Corn 3,800 22.0 84 
-

Whea t 1,600 9.6 15

Soybeans 3,100 19.0 59 1
Total 158 1 ~

-

Source : References 63, 75.

As estimated in Chapter !II, immediately after the attack there might
be approximately 200 million gallons of fuel available. Because of the - .1
expected delay in restoring fuel production , thi s amount may be the only

source of fuel for agriculture. Although the amount of fuel in the state
would exceed the amount necessary for agriculture , other uses for fuel , par-
ticularl y transportation of food and fur~her energy production , woul d draw 1
on the same supply. Thus , it would be necessary for farmers to conserve I L
fuel as much as possible. 1

.1
The size of the reductions in crop yields attributable to fuel short-

ages is uncertain. To some extent, the lack of fuel may be compensated
for by an increase in manual labor. Table 21 shows inputs to corn farming

for three cases. These are present U.S. techniques , 1945 U.S. farming , I -

and present-aay inputs to corn farming -in Mexico in regions where farming

is still l abor intensive Along wi th the inputs shown are the related - -

crop yiel ds under these c i rcumstances. Li

- u g
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The table suggests that the most significant difference in yields is - 
-

-
‘ 

between current U~S. agricultural production and that in 1945. During the
past 30 years, the greatest change in Input quantities has not been In fuel
consiinptlon but rather in fertilizer use. Fuel consumption per acre lncreaseo
approximately 50 percent, but nitrogen use increased by 15 times , phosphorous
by 3 times , and potassium by 10 times. These increases res~Jted in about
2.5 times the 1945 crop yiela. On the other hand , a comparison between U.S.
corn farming in 1945 and Mexican l abor intensive corn farming areas reveals
that it may be possible to substitute manual l abor for fuel . For these two

cases, output is roughly the same per acre, although no fuel is used in the
Mexican case. I

Substitution of labor for fuel might not be easily accomplished in the
postattack period , however [Ref. 75].. An early postattack study conducted 

~by the Stanford Research Institute concluded that if an essentially mecha-
nized agricultura l system were maintained in the postattack period but farm
manpower were doubled to substitute where possible for a 50 percent reduc-
tion in fuel , net postattack -fa rm production woul d increase only 6 percent -

above the 74 percent of normal production it would have been in the absence
of such a substitution [Ref. 76]. Although there would be a large labor
pool to draw on among the relocated population , these people would be corn- 

I

pletely unfamili ar with farm work. Furthermore, modern fa rms would lack
sufficient quantities of the farm implements ne2ded to equip the greatly
4ncreased number of farm laborers. As one andlyst concl uded, “It will not •

be technologically feasible to achi eve [postattack] viabilit y wi th a dras-

tically more primitive divis ion of labor, i nvolv ing a large factor increase
in the percentage of the population living on farms, unl ess perhaps t~~s

policy is deliberately adopted and prepared for.” [Ref. 5] In the absence Li
of such preparation , it would appear - that the best way to ensure higher -

crop production would be a continuation of mechanized techniques to the
extent permitted by the amounts of fuel available.

U
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b. Other Inputs

— 
- As was shown in Table 21 , fuel Is only one of several inDuts to farm—

- ing , and the significance of the others in combination may be as great or
- greater in terms of crop yields . While the infl uence of fertilizer,

pesticide , and seed shortages on postattack crop yield is discussed below ,

- - 

- L it should be noted that no attempt has been made Co predict synergistic
- 

effects on crop production .

I One of the most important soil nutrients is nitrogen. The nitrogen
fertilizer industry is heavily concentrated in Louisiana , Mississippi , and

L 
Texas due to the av~ilability of natural gas used in the production of this
fertilizer [Ref. 77]. The nitrogen facilities in Ohio are located in
three counties: Allen , Hami l ton , and Lawrence——all risk counties [Ref. 47]. . 

-

- 

- [ 
Thus , fertilizer availability is likely to be extremely limited in the
postattack period. Use of animal manure as a substitute for chemi cal
fertilizers would be impossibl e since there would be so few surviving

- 

animals. Even if they were to survive , the energy necessary to transport
the manure would be substantial y higher than the present energy required
in applying the more efficient chemical fertilizers to the land [Ref. 75].
Lack of adequate fertilizer might create a serious decrease in agricultural

- producti on in the long run [Ref. 61]. However, for the first year after
the attack, the lack of fertilizers might not critically reduce yields.
In part, this would be due to the residual fertilizers , particularly
phosphorus and potassium , left in the soil from the last preattack appli—
cations.

Lack of adequate weed control for corn and soybeans could produce
major reductions (i.e., 20 to 90 percent) in the yields of these crops.1

Clearl y, the absence of chemical herbicide appl ications woul d increase the
l ikelihood of such large crop losses. However, herbicide shortages in the 

- -f
postattack period could be compensated for wi th increased mechanical cul-

- 

-

~ tivatlon , or to minimi ze farm fuel consumpti on , increased manual weeding
[Ref. 47].

‘Unless otherwise noted , information ccncern -I ng pesticides has been taken -~ -

- - from Reference 77.
113
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Plan t disease control presently Is accomplished through cultured
practices , genetic resistance, and chemical treatments. Without conti nued
implementation of preattack control practices, plant diseases could cause

losses (i.e., 10 to 35 percent) in the corn crop. However, the probability

of severe losses across the entire corn crop is not high because the
effects of diseases tend to be localized . Soybean diseases might also

cause signifi cant crop losses, but such diseases would probably not reach

epidemic proportions in the first year.

Approximately 50 to 60 percent of corn acreage is treated with some Li
insecticide every year. Al though annual applications have increased
markedly in recent years, soybean insecticide treatment compared with corn j
is relatively limi ted. A large amount of the insecticide used on corn

— 

- 
often turns out, in retrospect, to have been unnecessary. This is due to 

•1

S the uncertainty confronting farmers in predicti ng the magnitude of the 
K

insect problem at the time the crop is planted . Nonetheless, without 
- -

effective controls (e.g., Lisecticides), corn crop losses might be as high 
—

- j as 50 percent in special l ocal areas, al though no greater than 35 percent
for the state as a whole. Soybean insects could also cause major soybean -

losses; however, losses woul d in general be smaller than those suffered

by the corn crop. Furthermore, if more effective crop rotation were - 

I

planned , it would help in controlling pests, whi le reducing the need for 
- 

I

pesticides [Ref. 75]. 
J

Cumercial seeds for planting hybrid crops are a characteristic input

to modern farming. Farmers usually purchase seeds to be planted rather

than producing them on the farm. Seed stocks tend to be located with farm

operations , and thus would not likely be damaged by an attack [Ref. 74].
Previous research suggests that, for the country as -a whole, surviving

commercial “seed supplies would be adequate for sowing available cropland H
in the first postattack year.” [Ref. 74] Were comercial seeds unavailable 

I 
—

in the postattack period C it would be possible for farmers to divert needed

seed from overall crop production . Only 3 percent or less of the wheat, Li

corn, and soybean crops would need to be diverted for seed [Refs . 65, 75]. -

114
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Seed harvested -from farmers’ fields of hybrid corn generally would yield
15 to 20 percent less than a crop planted with new hybrid seed. Because
soybeans are a self-pollinated crop, soybean seed harvested by a farmer
coul d be replanted wi thout loss in ,>ield [Ref. 75].

3. Summary

The obstacles to resumption of agricultural activities following an
attack have only been sketched here. The state of postattack agriculture
in Ohio cannot be predicted with any great confidence. Multiplicity of

inputs , varying conditions , and possib~e synergistic effects compl icate
— the analysis. However , some bounds can be placed on the extent of obstacles

to postattack agri culture .

~~
- - For the first year, fertilizer shortages might not be critical ,

al though if fertilizer shortages persist the long—run outlook would be
more pessimistic. Similarly, lack of pesticides alone most probably would
not result in major crop losses if compensating countermeasures are adopted.
Even if no commercial seeds were available, decreases In yields produced
by the absence of this input would be relati vely mi nor.

Fuel supplies for agriccitural use would likely be marginal . Substitu—
tion of manual labor for machine operations might be possible , althoug h not
preferable to continued mechanized agriculture . Postattack crop yields
would decl ine but probably not significantly below the level of present-
day Mexican l abor-intensive agriculture . Crop production , then, might
be reduced to approximately half of preattack standards. However, Ohio

currently produces more than a 2-year supply of food for its population

each year. Therefore, despite disrupti ons and severe input shortages in
the agricul tural sector in the wake of an attack, the state would probably

L be able to feed its population at a basic l evel if surviving resources are

carefully managed.

[1 115
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VI . WATER

A. THE PROBLEM OF RADIOACTIVE CONTAMINATION OF POSTATTACK WATER SUPPLIES

A minimal supply of potable water is essential for human survival
under any conditions . Following a nuclear attack against the United States,
surface waters (-i.e., streams, lakes , and reservoirs) in the path of fallout
clouds would become contaminated to varying degrees by radioactive fission
products. Ingestion of these radioactive nuclides’ by the drinking of
contaminated water could constitute an important heal th hazard in the early

postattack period . Groundwater (i.e., water from wells and springs), on the
other hand , woul d be relatively free from radioactive contamination because

the ground mantle would significantly impede the seepage of surface-deposited
fallout into underground water sources.

This chapter attempts an answer to the question of whether postattack
potable water supplies woul d be sufficient to meet the survival needs of
the relocated popul ation in Ohio. It is a relatively conservative analysis ,
which pursues increasing ly stringent assumptions to suggest, in the end ,
that the postattack problem of radioactive contamination of water supplies

shoul d be a manageable one. Minima l water consumption requirements are first

defined . The postattack availability of rural domestic and host county

municipal groundwater suppl ies is then assessed. Di fficulties in groundwater
withdrawal in the absence of an offsite source of electricity are addressed.
Because it might be possible that some of the relocated population would not
have ready &ccess to groundwater, a simple technique is described for making

1lod ine—l31 , stronlum—89, stronlum—90, cesium—137, barlum—14O, and
ruthenium-l 06 would be the elements most hazardous to body organs
[Ref. 78].

H 117

-- -
_ _

1k~~~a - ____________



- ry..,,, — - —~ 
— —

contami nated surface water relatively safe . Al so described is the administra-
tion of potassium iodide to prevent lodine-131-induced thyroid damage . In
the fi nal section , the assumption is made that none of the above precautions
were observed . The “worst case ” in terms of the contami nation hazard is
then exami ned.

B. MINIMAL WATER CONSUMPTION REQUIREMENTS

The minima l daily water intake required for an inactive man under

conditions where no sweating occurs is about 1.1 quarts . Physical work -
~~

induces sweating and thus raises the level of water intake needed to maintain - .

a normal state of body hydration. 
- 

As a general rul e , the minimal water
requi rement is that amount which will allow for urine excretion of somewhat
less than a quart daily [Ref. 79]. In dddi tion to water for drinking, water 1

— would be needed, at a minimum , for w~ishing and cooking. As a planning numbe;’ ,
4 to 5 gallons of water per person per day shoul d be adequate in the first

— postattack year for drinking, washing, and cooking [Refs . 80 and 81].

C. AVAILABILITY AND ACCESSIBILITY OF GROUNDWATER IN OHIO

Excl usive reliance upon groundwater for drinking in the first several
weeks postattack would be an important means of circumventing the hazard -;

posed by postattack radioactive contamination of water supplies . Therefore, I

l ikely availabl e postattack groundwater supplies in Ohio were analyzed.

1. Ava ilabilit y of Groundwater

Table 22 depicts estimates of rural domestic and municipal ground- j 
j

water supplies in the counties in Ohio following population relocation
and an attack. Private wells constitute the rural domestic water suppl y. j
They would be generall y undamaged by direct weapons effects. Most counties
would have 3 or more gallons of groundwater per person per day, thus j
meeting the drinking requirement, but not in all cases meeting the 4 to 5
gallons standard , which also inchides washing and cooking.
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TABLE 22. POTENTIAL POSTATTACK PER CAPITA
GROUNDWATER SUPPLIES IN OHIO

Groundwater Per Capita Groundwater Per Capita
Per Day (gal ) Per Day (gal)

Rural Domestic Municipal Total 
~~~~~ 

Rura l Domestic 14jnicipal

Mann 3.0 4 .5 7.5 LiCking 13.0 50.3 63.3
Allen 55.2 R 55.2 Logan 3.0 15.8 18.8
Ashland 5.0 11.6 16.6 Lorain 248.4 R 248.4

- 
- ~shtabu1a 23.8 14.1 38.1 Lucas 0 R 0

Athens 0.7 13.1 13.8 Madison 3.0 67.8 70.8

— Aug laize 4.4 15.8 20.2 Mahoning 414.4 R 414.4
Bel n~nt 33 8 R 33.8 Marion 5.1 15.6 2 1.7
Brown 4.2 1.4 5.6 Medfna 96.4 R 96.4

— Butler 4.2 40.6 44.8 Meigs 0.8 3.2 4.0

Carroll 5.3 2.7 ~3.O Mercer 4.7 3.1 7.8

Chan~ aign 3.2 9.6 12.8 Miami 11.0 18.0 29.0
Clark 2.4 59.7 62.1 Monroe 2 .2 1.1 3.3
Clennont 4.5 20.4 24.9 Montgomery 3.4 R 3.4
Clinton 3.4 1.7 5.1 Morgan 3.8 6.3 10.1

- 
Cohetiana 8. 5 3.3 11.8 Morrow 5.2 5.2 10.4
Coshocton 3.1 16.0 19.1 Muskingum 4.7 24.3 29.0
Crawford 4.3 3.4 7.7 Noble 2.9 NA 2.9

- 
Cuyahoga 0 R 0 Ottawa 5.3 10.7 16.0

Darke 5.7 3.4 9.1 £]uIding 3.4 1.7 5.1

DefIance 5.2 2.6 7.8 Perry 9.5 1.5 11.1 
—

Delaware 4.7 1.6 6.3 Plckaway 5.5 8.6 14.1

~r1e 0 5.9 5.9 Pike 2.4 3. 2 5.6
Fairfield - 1.7 36.6 38.3 Portage 2,500.0 P 2,500.0

- - Fayette 3 ,4 0.9 4.3 Preble 4.9 4.9 9.8
Franklin 30.2 P 30.2 Putnam 4 .3 2.8 1.1
Fulton 13.3 11.4 24.7 Richland 66.7 R 66 .7
Gallia 2.2 5.9 8.1 Ross 3.0 7.6 10.6

- Ej Geauga 17 ,000.0 7 ,000.0 24,000.0 Sandusky 0.9 8.5 -

Greene 16.8 28.3 299.8 Scioto 4.6 2.9 7.5
Guernsey 2.6 1.3 3.9 Seneca 2.5 1.3 3.8

( HamIlton 8.4 R 8.4 Shelby 4.2 6.8 11.0

tj Hancock 3.9 0.6 4.5 Stark 180~S P 180.5
Hardln 3.0 5.2 8.2 Suninit 1,347.8 P 1,347.8
Harrison 3.7 0.9 4.6 Trumbull 1,041.7 P 1 ,041.7

- Henry 4.6 2.3 6.9 Tuscarawa s 3.6 17.7 2L3
- Highland 1 3 4.4 5.7 Union 3.2 2.4 5.6

HockIng 3.3 5.8 9.1 Van Wert 3.4 0.8 4.2
- 

I 
Holmes 4.9 2.4 7.3 Vinton 3.2 0 3.2
Huron 3.0 0.8 3.8 Warren 9.0 22.6 31.6
Jackson 1.6 0 1.6 washington 3.8 9.2 13.0

— Jefferson 40.0 P 40.0 Wayne 7.6 18.3 25.9
3.9 12.4 16.3 Will Iams 8.3 33.1 41.4

Lake 5,714. 3 P 5,114.3 Wood 1~ .8 1.6 18.4
Lawrence 139.2 P 139.2 Wyandot 3 4  2 .6 6.0 4

U 
R • Risk county NA • Not available
Source: U.S. Geological Survey , Wa ter Resources Division . District Of’lce, Columbus, Ohio,

April 1979.
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In the second column , munic ipal groundwater z uppl ies are shown. For
risk counties , where municipal facilities would probably be inoperable after
the attack , no supplies are shown. Only the 39 percent of municipal ground-
water currently consumed by households was assumed available for drinking

[Ref. 82]. This is a fairly strict assumption , reflecting the belief that
water diverted to industrial and coninercial uses might be ~naccessib le for
drinking, washing, or cooking purposes. Of course, presently only half of 

- -

the household water suppl y is used for drinking , washing , and cooking; the

-

- other half is used in fl ushing toilets, watering lawns, wash ing cars, and
general cleaning . However , it seems reasonable to assume that in the post—
attack period all household water could and would be used only to meet

su~’vival needs [Refs . 82-84].

Even if only a very small fraction of preattack supplies were available ,
those supplies , contined wi th rural domestic groundwater, woul d be sufficient
in all cases to meet drinking requirements , and adequate in nearly all cases
to fulfill washing and cooki ng needs as well. This is indicated by the data
on total groundwater available shown in Table 22 and depicted in Figure 43.

2. Accessibility of Groundwater

Clearly, there shoul d be enough groundwater to fulfill the survival I
needs of the relocated population in Ohio , That is , sufficient water should
be avai lable if it can be withdrawn from the ground. The problem of access-
ibility in addition to av~llabi l ity must be addressed .

a. Restoring Exi sting Systems

Pumps are used to draw water from underground aqui fers . Nearly aP.
pumps--both those of municipal pumping stations and those of small , domestic
wel ls-—are powered by electricity . Loss of electric po~er in the wake of the i]

damage done by an attack (combined with direct damage to water utility

bulidings and the water distribution network ) would cause the loss of
water pressure and the loss of water flow . Thus , the question arises :
Can groundwater be withdrawn w ithout an offsite supply of electricity to
the pumps? ~
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Under current cr isis relocation planning, the large populat ion in
high-risk urban areas would be evacuated to lower-risk , more sparsely
populated rural areas. Thus, following an attack, rural mun icipal water
facilities would be a major source of water. About 95 percent of all
rural residents are served by groundwater sources [Ref. 853. Most rural
facilities would be relatively undamaged because of their location outside
of likely bl ast zones. Less than 10 percent of these facilities have onsite
emergency generators. However, because they require less energy to operate

L than do water systems in l arge cities, offsite generators could be brougnt
in to provide power for rural facilities. Local civil defense officials
generally have some knowledge of where generators held by the National
Guard and county government and those owned by private citizens are located.

In the postattack period , given the increased demand for rural muni-
cipal water caused directly or indirectly by the attack , all available

— 
water woul d have to be carefully rationed. Survivors might queue up to
the nearest water facility for their daily minimal ration (plastic bags
perhaps could be stockpiled at the facilities in peacetime for postattack
use as reusable containers), or tank trucks powered by gasoline from
municipal supplies might be used to distri bute the water to the postattack 

~~~~
- 

- population [Ref. 86]. 
‘I

Rural domestic wells would also provide a source of groundwater. The 
~~~1

pumps for these weUs are driven by electric motors. In the absence of
an outside source of electrical power , these pumps could be run by small
gasol ine—powered generators comonly found on farms . It would also be
possible to wi thdraw water from domesti c wells using a rope—and-bucket
arrangement or perhaps more accurately, string-and-cup arrangement
[Ref. 87].

None of the above expedient techniq ues woul d ensure a rate of water
withdrawal comparable to that in peacetime. However, these calculations
indicate that, under austere survival requirements , the rate of wi thdrawal 4

need only be a small fraction of that preattack, and it seems likely that

this need could be met. 
U
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Finally, it should be noted that all of the above techniques (with
the eAception of the rope—and-bucket arrangement) assume the availability
of the gasoline required to fuel the generators . Gasoline will be extremel y
scarce in the postattack period. Because of water ’s preeminent importance
to survival , the allocation of gasoline to groundwater supply generators
should be accorded a hign , if not the highest , priori ty .

b. Digging Additional Wells

If , for whatever reasons , grow’dwater could not be drawn from existing
sources , new wells might be dug employing relati vely primitive techniques
and available materials. Two recent handbooks , dealing with the problems
of inadequate water supplies in the developing countries , provide detailed
descriptions of simple water wel l technologies for supplying drinking
and domestic water to snl&ll conlnunities . The technologies seem very
applicable to the postattack environment. The wells described in the

- - handbooks are intended “not for highl y sophisticated societies , nor for
those interested in the normal , capita1-inte~sive techniques of well-

- - 
drillin g . ” [Ref. 88] The descri ption contained in one of the handbooks
of the type of wells contemplated makes them sound ideally suited to post-

L.
attack conditions : -

h The manual descri bes hand-dug shaft wells and their
construction by relatively unskilled villagers.

F - Modern concepts , methods , and designs are incor-
porated , but in such a way that those who will

L carry out the actual work do not require a high degree
of education , training or supervision. Much of the
equipment can be made l ocally and costs (especi all y
the cost of imported materials) can be kept to a
minimum. The simple directions are based upon
proven methods and satisfactory results gdthered
from various parts of the world. Wells constructed
by the methods indicated need be in no way inferior
to those produced by mechanical equipment at many
times the expense. Thea’ can be as reliable , as
versatile , as adaptable to varying conditions and
they can yield as much water of as high a quality
even though they may not be capable of being con-
structed so quickly [Ref. 89].
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Needless to say, as is the case with many civi l defense measures , -

the actual as opposed to potential effectiveness of expedient wel l
construction will depend upon the information available to survivors
and the existence of a postattack “government” for organizing their j
collective efforts.

D. A SIMPLE WATER DECONTAMINATION TECHNIQUE - .

In many locdlities after an attack, it may be impossible for the
population to rely exclusively upon underground squrces for potable water. -~~

Civil defense planners should be prepared for this contingency . Simple
means have been developed for removing radioactive fallout material from
contdminated (e.g., surface) water. One such method was tested in the j 

~early 1 960s by the U.S. Army Engineering Research and Development Laboratories
[Ref. 90]. The technique involves a fi l ter made of a flowerpot (or a tin
can , aluminum foil , newspaper , etc.), toilet tissue , a oiece of screening ,
and a 5-cm column of subsoil. This fi l ter removed 93 to 99 percent of
the radioactivity from well water highl y contaminated by nuclear bomb
debris from the AEC ’s l’levada Test Site . The “fl owerpot procedure ,” -

~~

then , offers a simple and practical - means of removing radicactivity from
contaminated water to produce a potable supply of water under emergency
conditions. SI

E. POTASSIUM IODIDE AS A POSSIBLE PROPHYLACTIC

Radioiodine (iodine—l31 ) is difficult to remove from contaminated 
j]

water using soil as a fil ter [Ref. 90]. Yet the ingestion of 1-131 by
children poses perhaps the greatest health hazard created by radioactive
contamination of drinking water supplies . Absorption by the thyroid of
1-131 can produce serious thyroid injury , particularly in children. In -

1954, 64 inhabitants of the Marshall Islands unknowingly were exposed -

to fallout radiat~on from a nuclear weapon test. Many of the Marshallese
drank contaminated water and ate contaminated food for up to 2 days . U
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Since 1954, the overall health of th~ exposed adults has been good. How-
ever, by 1974, thyroid abnormalities had been detected in 28 people.
Twenty-two of those individuals had thyroid lesions. Of those with
lesions , three had malignancies and two had hypothyroidism. Most of the

. - thyroid problems were suffered by those who were less than 10 years old
- 

- 
at the time of the test [Ref. 16].

A saturated solution of potassium iodide (SSKI) has been shown to

I be an effective blocking agent against absorption of radioiodine by the
thyroid [Ref. 91]. SSKI would be a possible countermeasure for mitigating

r the 1-131 hazard followi ng a nuclear attack.

During the Three Mile Island incident in spring 1979, a large

r pharmaceutical firm (under an FDA order) produced 237,000 1—ounce bottles
U of SSKI in a 4—day period . Given the labeled daily dosage of two drops

for adults and children and one drop for infants, each bottle was calcula ted
H to provide 450 person-doses or would supply 45 people for 10 days [Ref. 923.

At the stated rates of administration , the total supply contained 107
million person-doses, enough for 3.6 million people for 30 days, or 10
million people (the present population of Ohio) for 10 days. The SSKI
supp ly coul d have been stretched by only administering the drug to children ,
f~r whom radioiodine danger would have been greatest. Moreover, after

10 days of the iodide regimen , an “escape effect” takes place which precludes
the thyroid from retaining additional doses of SSKI. Administration of the
drug must be temporarily discontinued for several days [Ref. 931.

Actions taken during the Three Mile Island incident indicate that
- - civil defense planners might wish to consider “surge” production of SSKI

during the crisis period likely to precede a large-scale attack . In that
event, SSKI should probably be produced in quanti ties just large enough to
provi de protection for children , the population group at highest risk.
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F. SEVERITY OF THE CONTAMINATION HAZARD IN THE ABSENCE OF COUNTERMEASURES

kather than attempting to define a “safe” level of radioacti ve
contamination of water, the above discussion has cuggested countermeasures
to the contami nation problem , assumi ng that ~~ radioactivity in drinking
water is to be avoided . Nonetheless, following an attack there certainly
wou ld be many locales where such precautions coul d not or would not be
taken. Therefore, the “worst case” should be considered; i.e., the con-
sequences for the heal th of the postattack population from drinking contam- 

- -

m ated water.

One view of the “worst case ” was presented in a report done by the -

Stanford Research Institute (SRI) several years ago [Ref. 94]. A hypo-
thetica l large—scale (l2,000—MT) nuclear attack directed against U.S. -

counterforce as well as urban-industrial targets was considered . Probable j
radlonuciide concentrations from fallout falling di rectly on the surface
water supplies of various U.S. communities were calculated . Absorbed I
dosages to the thyroid , l ower large intestine, bone, and total body for
i ngestion of contaminated wa~er from the 1st to the 183rd day after the I
attack were predicted. The study concluded that —

.no serious biological effect in adult humans would be 1expected from consumption of the most highly contaminated
water (even without the benefit of decontamination by
normal water treatment methods). The probable exception ]
of this conclusion for the entire population is for the
thyroid doses to young children . .. .continued consumption
of water contaminated [with 1-131 at the l evels produced by
a large—scale attack] ~~uld resul t in (at least) partial 

-

destruction of children ’s thyroids [Ref. 94].

The report also argues that the “biological effects arising from drinking U
surface waters that were contaminated by fallout.. .wou ld generally be
insignifi cant compared wi th other [postattack] hazards [e.g., external
radiation].”
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Al though the SRI study minimi zes (perhaps correctly) the water

I contamination hazard , it would seem only prudent, in light of the i arge

uncertainties involved , to give serious consideration to the countermeasures

mentioned above. In this regard, note that the report again highlights
L the radioiodine threat to children ’s thyroids.

G. SUMMARY

C While the radioactive contami nation of water supplies ~~ represent

- . 
a mi nor danger relative to other postattack threats to life and health , it

L neverthel ess is a hazard deserving consideration of possible countern~easures.

— Reliance upon groundwater in the early postattac~ period is one way of

minimizing the contami nation probl em. If pumps could be powered through

the expedient use of generators, or new wells dug , sufficient potable

groundwater should be available and accessible for survivors in tne initial

recovery period. Use of the “flowerpot” decontaminacion filte r and

administration of SSKI to children would further reduce the radioactive

danger. All in all , then, the postattack problem of radioactive contami -

nation of water supplies would appear to be a manageable one.
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VII. HOUSING, CLOTHING , AND SANITAT I ON
- - r HA. HOUSING

r The Crisis Relocation Plan would cal l for all evacuees to be housed
L in public buildings in the host counties . No host—area resident would be

required to share his home wi th evacuees , although polls show that 73 per—

i.! cen t of people say that they wou ld be wi l l i ng to admit some evacuees to - -
-

their homes in a crisis [Ref. 11]. On the other hand , it is not clear how
this situation would develop if a large—s~a1e attack occurred , cities were
devas tated , and the evacuees became semi-permanent residents of the host

~ areas.

Evacuees woul d be instructed to upgrade the fallout protection
factor (PF) of their buildings to 50 or better, by shoveling or otherwise
piling earth on the sides or tops. DCPA/FEMA has conducted field tests
indicating the feasibility of this procedure [Ref. 95). Figure 44 illus-
trates how the fallout protection of a school building could be upgraded
during a crisis [Ref. 10].

FEMA maintains the National Shelter Survey , a record of existing fall-
out shelter space throughout the U.S. FEMA is also in the ~irocess of
surveying space in potential host areas which , although it does not

• 
- 

currenty provide PF >40, could be upgraded duri ng a crisis to provide
L - such protection. Ten squar~ feet per person is assumed ; this is crowded

fl 
by preattack standards but is considerably less than many histori cal
examp’es ~f cond tions where people have been crowded but survived for

many weeks [Ref. 73].

U Table 23 and Fiyure 45 summarize data regarding upgradable and NSS
(PF ~~. 40) shelter spaces in Ohio for nonrisk counties . The map shows the

Ik ratios of shelter s2aces to final population (not just evacuees). The
survey has been completed for only about 45 percent of the nonrisk counties.

~~: f l
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TABLE 23. UPGRADABLE SHELTER SPACES IN OHIO, BY COUNTY

otal Shelter Pop. After Total She l ter Pop. After
Spaces Relocation 2 Spaces/ Spaces Relocation Spaces/

I I000s 1000, Person ____________________ 
lO0O~ ?000s PersQn

1 Adam~ 45 Licking 873.8 191.9 4~4- 
V 

• 2 APes CR)3 46 Logan 398.7 132.7 3.0
3 Ashland 47 Lorain (9)
4 Ashtabula 48 LucaS (9)
5 Athens 49 Madison 186.0 133.6 1.4
6 Auglalze 50 Mahor ing CR)
7 Belmont (RI 51 Marion
8 Brown 52 Med na C R)
9 Butler 1 ,420.0 246.0 5.8 53 Meigo
10 Carro ll 54 Mercer i93.5 128.1 3.1
11 Champaign 234.8 124.6 1.9 55 Miam i 825.0 117 .4 1.0
12 Clark 278.6 151 .6 1.8 56 Monroe
13 Clernmnt 57 Montgomery (R) 74.8 116.5 0.6
14 Clinton 334.3 118.3 2.8 58 Morgan
15 Coltm,biana 59 MorrOw
16 Coshocton 60 Muskingum
17 Crawford 61 Noble

— 18 Cuyahoga (9) 62 Ottawa -

19 Darke 434.3 74 . 2.6 63 PaulLing 133.9 118.8 1 .1
20 Defiance 550.5 118.9 4. 5 64 Perry
21 Delaware 418 7 129.8 3.2 65 Pickaway 245.4 145.4 1.7
22 Erie 66 Pike 101 ~ 125 .4 0.8
23 Fair-field 388.9 145.7 2.7 67 Portage (9)
24 Fayette 326.2 116.5 2.8 68 Preble 314.2 123.2 2.5

-
- ~. - 25 Fran klin (P.) - 69 Putnam 255.9 140.2 1.8

26 Fulton 388.5 117.4 3.3 76 Rich land C R )
27 GallI a 71 Ross 596.0 198.2 3.0
28 Geauga (4) 72 Sandusk y
29 Greene 55.8 130.0 0.4 73 Scioto 687.7 115.4 3.9

L 30 Guernsey 74 Seneca
31 Hamilton (9) .5 Shelby 402.6 117 .7 3.4
32 Hancock 76 Stark (4)
33 Herdin 77 Suimilt (9 )
34 Harrison 78 Trumbull (RI
35 Henry 253.? 120.0 2.1 79 Tuscarawas
36 HIghland 80 Union 178.0 125.2 1.4
31 Hocking 81 Van Wert 354.8 118.0 3.0 V
38 Holmes 82 Vinton
39 Huron 83 Warren 278.6 117 .7 2.4
40 Jackson 84 Washington
41 Jefferson (R 85 Wayne
42 KnOx 86 Williams 501.9 121 .3 4.1
43 Lake (9) 87 Wood
44 Lawrence (R) 88 Wyandot

— - L PF 40+; 10 ft2/PersOn
2SPC Relocation Method
39 • Risk County

Of these, only Greene and Ptke Counties have tnsuff~cien t space . Greene
County has a final/initial population ratio (F/I) of 1.0. It is not
evacua ted , nor does it receive evacuees. In such a case, the county
planners would probably ask many residents to remaifl at home, thus pre-
sumably mitigating the fact that the ratio of spaces in public buildi ngs

[
~ 

to the population is only 0.4. For Pike County, this ratio is 0.8, where-
as F/I = 6.0. Thus, the ratio of spaces to evacuees is 0.96, wh i ch seems
suff i cien tly close to 1.0 to permit the state an d coun ty p lanners to

-Li accommodate the evacuees with only mi nor changes in the overall plan.
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SCALE lm~Ieal

~~~ RISK C0UNT~ES
NUMB ERS INDICATE THE RATIO OF AVAILABLE SPACES I’~ PUBLIC
BUILDINGS TO THE FINAL POPULATION (RESIDENTS PLUS EVACUEES)

FIGURE 4F SHELTER SPACES PER PERSON IN OHIO
(Existing and upgradable)
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The conclus ion is that availab ility of upgradable and NSS (PF > 40)

f shelter space will not impose a significant constraint on the workability
of the relocation .

( If the attack occurred and the evacuees had to remain in the host
areas for a year or more , undoubtedly many people would readjust their

I living arrangements during the first several weeks. Nevertheless, the
average density of people per room would increase to 2 to 4 times its
presen t value. Th i s would certai nl y be inconven ient by prea ttac k standards ,
but would still be less than current conditions in some Less Developed

r Countries (LDC5) (see table 24).

TABLE 24. HOUSING SPACE IN VARIOUS COUNTRIES
— -- I )

- 
Persons

- per Relative
Place Room to U.S.

- United States 0.6 1.0

Canada , United Kingdom 0.7 1.2

France , West Germany 0.9 1.5

Puer to R ico , Italy 1.1 1.8

Czechoslovakia , ~in1and 1.3 2.2

Soviet Union , Greece 1.5 2.5

Poland , Yugoslav ia , Chi na 1.7 2.8

{j India, Guatemala 2.6 4.3

Bangladesh 3.2 5.3

U 
- -

Sources : References 73, 96.
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B. CLOTHING AND BEDDING

The Crisis Relocati on Plan wou ld not include any Government-supplied j
clothing or bedding . Evacuees should be instructed to bri ng warm clothing
and bedding, especial ly sleeping bags (if they own any), wi th them regard- 11
less of the season of the attack , lest they have to live for a year or more
in unheated buildings. - 

-
~~~

The use of scarce supplies of energy to heat buildings might well be

the exception (hospitals , nursing homes , etc.) rather than the rule in the

— 
postattack environment. If so , then in winter , people would have to wear
coats even while indoors during the day. At night, people without good 1 1
sleeping bags would have to wear coats, heavy underwsar, etc., and cover 4
themselves with as many blankets as they had. However, survival under such
conditions is straightforward and routine in many parts of the world. It j
is recommended that , as part of peacetime educati on programs , the public
be advised as to the merits of purchasing sleeping bags capable of protecting

theni against low temperatures Thr emergency preparedness. 
-

~1
C. SANITATION 1 

- 

r
Most rural water and sewer systems will survive the attack. The .L 

- -

required electric power, or other energy supplies, may be available to

- 
- operate some of them. In areas where municipal sewer systems are not J

available , primitive sanitati on methods, such as those used today in some 
-

LDC5, might have to be used.

The 1975 Heal th Sector Po~icy Paper of the World Bank tRef. 97] points - j

out that on the average , for countries wi th a per capita income of less
than $100/year, in rural areas 13 percent of the people have “reasonable

‘Several studies of postattack sanitation have been performed by
Engineering-Science , Inc. ERefs. 98—101] . However , they are noc very ~41
appropriate as Inputs to the present st udy because they concern urban - 

-

envi ronments exclusively.

U H
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access ” to water supply (only 3 percent in rural Pakistan), and onl y 7
percen t have “adequate” access to sewage disposal . Reference 97 descri bes

the si tuation as follows (pp. 19—22):

Rura l populations in the poorer developing countries
have access to almost no sewage dispcsa’~ facilities.
In urban areas , there is considerable reliance on
buc kets , pit pr~vies and septic tanks which are notconnected to a public sewer system. Facilities
connected wi th the city sewer systems are not wi de-
spread , except in the higher-income developing countries. 1

In most coun tr ies , only a small proportion of the
rural population has access to modern water system. .
In the urban areas of cc-untries wi th per capita incomes
below $150, roughly a third of the population depends
on public standposts , and only the middle— and hiqher—
income groups use more sophisticated facilities. A
substantial part of the population——rural and urban-. —
rel ies on polluted river water, or similar sources.

Relatively simple techniques of waste and water
treatment are available which , if applied , would
greatly diminish the risks of catching. fecally-
transmi tted disease. Sanitary storage of human
excreta accomplishes a great deal; within two weeks,
many of the harmful bacteria die because t~ey canno t
survive for l ong outside the humafl host. Viruses
are also delicate organisms and can be expected to
die quickly. Helminths can remain a hazard for a
longer period of time, particularly in the form of. - resistant cysts; eventually the cysts also die.
Another technique of waste disposal is sedimentation
or fil tration. In both cases, the solid particles
to which bacteria cling are separated out and re-
tained till harmless. In addition , two decompos ition
processes, which occur naturally , render sewage harm—
less : ox idation (us i ng oxygen from a ir or water) an d
anaerobic fermentation. Which of the two proàesses
occurs depends upon the ava i la bility of oxygen for
oxidation . Many “modern ” processes, such as trick-
l ing f i l ters an d aerat ion , are simply intended to
speed the natural process. Most decomposition processes
rely on successive biologica l cycles which involve
different algae. During the course of these cycles ,

11n LDCs , human solid waste is frequently used for fertili:er (night soil).
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organisms that are harmful to man are destroyed. Even
helminths may be killed by the heat generated by a
composting system of anaerobic fermentation. If at
all possible , a biologically pure source of water should
be chosen. If not, processes such as storage and sedi-
mentation-filtrati on should be employed . Chemical treat-
m~nt by chlorination of water is also highly effectivein destroying a wide variety of disease agents. [Emphasis
added].

Given these cons iderations , it would appear that sanitation would
be a tractable problem in postattack rt ral Ohio , where , even after reloca-
tion~, the rural population density would still be several times less than
that in some LDCs.

This conclusion is consistent wi th the results of “Environmental

— Health Planning for Postattack Conditions ,” a study conducted in 1966 by
Research Triangle Institute , which concluded :

Sewage treatment and disposal are projected as some-
what lower priority problems since wi th careful planning
and relatively simple treatment methods, it is be- * - 

-

l ieved feasible to collect and disinfect domestic — -

wastes adequately under postattack conditions. The 1
probable low level of preparedness of the urban popu- .3
lation for improvisation still would demand close f_ -

attention from local health department personnel , how-
ever , to assure safe sewage disposal under expected
emergency conditions . [Ref. 102].
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VIII. HEALTH

L A. SURVIVING FACILITIES AND PERSONNEL -

L Figure 46 illustrates the number of doctors, by county, after re-
loca tion . The numer ical estlr~ates were arrived at by taking the current
number of doctors per county and assuming that the doctc’rs relocated

I. acco~ding tc the same algorithm as the general population. Thus , the

- 
average density of doctors would be the same followi ng relocation and
following attack as it is now. Figure 47 depicts the number of people per

- 

hospital bed after relocation.

- 
B. INJURIES FROM BLAST AND FIRE

Fatality estimates were made under the assumption that significant
medical care was not availabl e and that most survivors injured by blast 

- 

-

and fire would have injuries of such a magnitude that they could survive

— 
- subject only to availabl e first aid and nonprofessional attention . In

L any case , because of the rel ocat ion , the great majority of the population
- 

woul d be out of range of nuclear blast and fire effects. From Figures 7
and 8, and from the assumption that the mean casualty overprassure is 2 psi
[Refs 9, 10), the estimated number of people injured by blast/fire from
the postulated attack is about 6 percent.
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C. RADIATION SICKNESS i

The fallout from the postulated attack and wi nd pattern is quite
i ntense in Ohio. For a PF of 1.0, which corresponds to a person standing 0

alone In the middle of a very large, f la t f i eld , the two-week radiation
dose would be at least 2,000 roentgens (R) In most of Ohio. A person in
the upper story space of a normal house (PF ‘~5) would receive at least

400 R , thereby definitely becomi ng ill and possibly dyirg. Therefore,

fallout protection is essential throughout the state. For a PF of 50,

2,000 R is reduced to 40 R, which has a negliçible probability of causing j
Il lness.

Maximiziny fallout protection is crucial to minimizin g radiation j
sickness. Under the postulated attack and civi l defense (all evaucees

assumed to be at PF 50 for two weeks , PF 3 thereafter), it is estimated
that 10 to 15 percent of the survivors of the blast and fallout would
suffer radiation sickness, mostly in areas near Cleveland and Columbus . 1%
Because many of the blast- inj ured people (“-.6 percent of tot-al populati on )
are also In the group suffering radiation sickness, a substantial fraction

of them might become fatal i ties.

D. COMMUNICABLE DISEASES 
-

The potential problem of epidemics of coninunicable diseases in the 3
postattack environment is a matter of considerable uncertainty . No new
analysis on the subject was conducted for this study. A number of earlier 

Istudies have been perfo rmed and their results are relevant. A recent
analysis incl uded a review of previous studies; the study overview con- 1
cluded wi th the following paragraphs :

As to the possibility of catastrc~Thic outbreaks of ‘1 -

disease due to the disturbance of the natural and
artificial constraints which normally operate to
maintain stability, the fo llowing can be said.

- 

- 

- The major constraints against epidemics are:

(1) Widespread public awareness ar.d practice
of the fundamental principles of sanita-
tion
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(ii) Advanced diagnosti c techniques permitting
- 

early identification of potential threats,
wh ich , in turn , makes it possible to mobilize
resources where they can be used most effec-~t ive ly

L (iii) Artificial barriers such as vaccination ,
sewage treatmen t, water sterilization ,
government monitoring of comercial food

- processing , deliberate suppression of
disease vectors (i.e., mosquitoes , rats, etc. )

I - ( i v )  Medi ca l coun termeasures: hospi ta l s, anti—
bioti cs, etc.

Cv) Natural physiological resistance .

L It is obvious that in the aftermath of nuclear attack
all of these constraints (incl uding the last) would

r be degraded to some extent. On the other hand , in no
L circumstances would external conditions seem likely

to approach those characteristics of great historical
epidemi cs such as the blac k p l ague. Even i f every
hospital ar’l antibioti c were destroyed, the basic

V habits of sanitati on and knowledge of the dynami cs
- 

- of epidemic disease would still exist. Moreover,
- , fl one legacy of the preattack period would be a residue

L of acquired imunity (via vaccinati ons) or absence of
major sources of infection. The one major caveat is

— - that we cannot compare the natural physiological re-
sistance of a postattack 20th-century population with
any previous one. The combined death rate from in-
fectious diseases could conceivably be an order of
magnitude gt-eater than it is today, while almost cer-

- ta inl y rema in ing very much lower than the average for
the Middle Ages , and probably lower than for World
War I. [Ref. 103].

Some earl ier studies reached the following conclusions:
4 (

Li The modern chemotherapeu tic and chemopro phylac tic agen ts
as well as BCG vaccine, if made available in the post-
attack environment, make tuberculosis control a reason-Ui_ able goal if accompanied by an adequate public health
program. Planning is essential if this goal is to be
attained.

I,
U 

In the absence of active con trol , tuberculosis could
wel l be the most serious i nfectio,js disease probféiii

- 
In the postattack environment. The infectious agent

1 will undoubtedly be widely disseminated in the sur-
v ivors of a nuclear attack , an d almos t all  the changes
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brought about in the physical and soclo-economi c environ-
ment can be expected to increase the tuberculosis threat.
(Ref. 105, p. vi; Emphasis added].

Our knowledge of the disease [plague] and its epideml - ~ i
ology, alon g wi th modern methods of control and treat- • -

~ment, ma kes it highly unlikely that an epidemic , such
as the “Black Death ,” will take place even in the dis— 1
ordered environment of a postattack situation. How- .j
ever , this possibility cannot be ruled out ern.i~’ely
if one wishes to assume a sufficiently serious break-
down of organized society as we know it today.
[Ref. 106, p. v).

The above studies apparently are all concerned with a nonrelocated 
-

population. Although no detailed study apnears to have been done of the
relative danger of disease in a relocated as opposed to nonrelocated I
population , it would appear that the lower populati on densiti es and lack A
of blast effects among most of a relocoted population would make coninuni-
cable disease somewhat less of a problem than for a nonrelocated U -

population.
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IX. COMMUNICATtON~ AND EMERGENCY SERVICES

Al though comunications and emergency services (e.g., police , f ire)
are not an absolute necessity in themselies, they are included in this
study because they are necessary for coordi nation of postattack activ 4ties ,

which would be almost essential.

A. COMMUNICATIONS

Figure 48 depicts a schematic map of the Direction and Control net-
work Ohio might establish as a result of upgrading U.S. civil defense to a
full Crisis Relocati on Plan [Ref. 107]. Emergency Operating Centers (EOCs), - -

established in peacetime, woul d serve as hea dquar ters for 1oc~l and state
governments in the postattack environment and possess means of comunicating
with each other. The EOC network is del i berately set up to avoid the major

urban areas , which would presumably be destroyed in ~ large—scale attack.
(Fo r fur ther detai ls , see Ref . lO8~.

F igures 49, 50, and 51 illustrate the current number of AM radio
stations ,’ FM radio transmitters, and television transmitters in Ohio.
Under the assumption that 2 psi will destroy a transmitter, it is esti-
mated that approximately 60 AM radio stations , 75 FM radio transmitters,
and 4 television transmitter-s would survive . Some of these currently
possess emergency generators and fuel su~-~l ies , and more would be prepared
in this fashion as part of the CRP and during the cri:is period . Further-
more , Program D—Pr ime calls for protecting Uost-area broadcast stations
against Electromagnetic Pulse (EMP) [Ref. 10]. With respect to receiving

‘Data on AM transmitters , as opposed to stations , were not available. It
is assumed that transmitters and stati ins are essentially colocated .
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the transmissions , almost everyone owns a portable radio , including  car

radios. Furthermore , many people own two—way cit izens ’ band radios. Many
radios and other r.ommunications gear are operated by county , city , and

town police and fire departments . Planning and preparation are necessary
to provide for batteries or other energy sources to power these radios . - 

)
A rough estimate of the fuel needed to power emergency generators to - -

keep all the surviving AM, FM , and TV stati ons on the air 24 hours a day ,
during the first postattack year, is as follows . The transmi tted power

would be roughly as follows : 
- 

-

60 AM at 10 kW (avg.) = 600 kW -
~~~

75 FM at 5 kW (avg.) = 375 kW
4 TV at 200 kW (avg.) = 800 kW

Total = 1775 kW = 1.8 x io 6 joules/sec
5.7 x l0~~ joules/year -

Under the assumption of 10-percent eff iciency, the energy content of the j  —

fuel required for a year would be 5.7 x io 14 j oules , or 4.3 million
gallons. This compares favorably wi th the estimated surviving fuel

(Chapter III). ,

It is concl uded that wi th adequate preparations , comunications would
not be an insoluble problem in the postattack environment.

B. EMERGENCY SERVICES

During relocation , emergency officials and their families would , on
- - the average , probably stay somewhat closer to the risk areas than the

general population, so that the officials could function as “key workers ” J
during the period of relocation (prior to the attack), coninuting into the
cities on a rotati ng basis , to preserve order (e.g., put out fi res , guard
against looting by stay—behinds ) [Refs . 9, 11). However , if attack warning
(15 to 30 m m )  came , many emergency o f f ic ia l s  might  s t i l l  get out of target •

areas at high speed in their emergency vehicles (most of the general public
would already have left). H. - l
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- Following the in-shel ter period, it is estimated that the distribution

I of pol icemen and firemen would be analogous to that for the public.
Figures 52 and 53 illustrate the estimated number of pol icemen and fi remen
in Ohio (by county ) after the in—shelter period. In preparing these maps ,

I current numbers of policemen and firemen were used as a basis; then these
officials were assumed to be relocated accoruing to the same method used

j  by the general population .
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X. RESIDUAL RADIATION

A. INTRODUCTION

r After the fallout radiation from the postulated attack decays Lelow
the levels intense enough to have a high probability of causi ng fatality
or il~ness, the radiation levels will still remain considerably above
normal background ievels for many months . Some authors [e.g., Ref. 109]
have suggested that this residual radiati on could cause significant numbers
of additional fatalities. On the other hand, an earlier study by System
Planning Corporation [Ref. 110] found that the re la t ive  level of such

ad~itiona1 fatalities would be small for limited attacks against the U.S.
involving strikes against only strategic military targets . This result
should be more generally applicable because , although the area covered by
high-intensity fa llout is less for such limited attacks than for large-
scale attacks such as the one postulated in this study , the relative
intensity -distributions of fallout are comparable.

— The present ana1y~is is based on reports on the Bio logical Effects of 
- 

-L) Ionizing Radiation (BEIR). The first of these [Ref. ill] was published in

U 1972 and is henceforth referred to as BEIR- 72. A revised report (suninary 
—

only) was issued in 1979 [Ref. 112). This report incl udes results of the
studies by the United Nati ons Scientifi c Coninittee on the Effects of Atomic
Radiation ( UNSCEAR). The relevant portions of the 1975 study by the
National Academy of Sciences [Ref. 113], which concluded that long—term
worl dwide effects from residual radiation would be low , were based on

BEIR-72 and UNSCEAR . The 1976 SPC study of limited attacks [Ref. 110) was

fi based primari ly on BEIR-72 .
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Effects of radiation on humans may be divided into two types: somati c
and genetic. Somatic effects are those that affect the people receiving - -

the radiation . Genetic effects are those that affect the offspring or
descendants of the people receiving the radiation.

B. SOMATIC EFFECTS -

BEIR-79 concludes the following about somatic effects.

Evidence indicates that cancers arising in a variety :
~

i

of organs and tissues are the principal late somatic
effects of radiation exposure (p. 2). Solid tumors
are now known to be of greater significance than
leukem ia , with respect to excess risk of cancer from

- 
- whole-body exposure to radiation. Major sites are

the breast in women , the l ung , the thyroid , and the
digestive system. Quantitati vely, cancers at these
sites now dominate the total cancer risk. These
cancers have long latent periods and continue to
appear 30 yr or more after radiati on exposure (p. 236).

With few exceptions , the somat ic effects cons idered
manifest themselves only years or decades after irra—
diat ion and are indistinguishable from lesions that -

occur naturally in nonirradiated populations. The ‘1
Subcoimnittee considers cancer induction to be the most .1
important of these effects . At low doses the radiatior.
induction of cancer is detectable only in a statistical
sense; that is , in  any given i ndiv idua l d particular
effect cannot be a~tributed exclusively to radiation ,
as opoosed to some other cause. In general, the smaller
the dose of radiation, the less the likel ihood that
radiation was the principal cause (p. 234). - -

Reductions in dose rate may decrease the observed radia-
t ion effect per u n i t  dose , particularly for low—LET1

- radiation. There appear to be mechanisms , however , - -~

-
~ 

1LET Is “linear energy transfer. ” Low—LET is radiat4 on characteristi c of
X-rays and gama rays . High-LET is radiation characteristic of protons ,
neutrons , and alpha particles . The fallout radiat ion considered here

- - is ganina radiation; I.e., low.~LET .

154 ) 
~

- - - - -—~~~~~ ,
~~~~~~~~~~~~~~~~~ (.Js.a JM~4J ..~ — ~~~~~~~~~~~~~ a



—~~~~~~~ -~~~-~~ ~~~~~~~~~~~- - - - - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ C ~~~i~~~ 7

- - 

-- --- -

especially pertaining to exposure to high—LET radiation ,
- 

that increase tl’.e observed effect per unit dose when the
IL dose rate is reduced. The Conuiittee recognizes the risk
U estimates for cancer induction, but believes that avail-

able Informaticn from human data is insufficient to —

permit appropriate corrections (p. 4).

I It seems prob-ab~e that , for most types of radiogenic
cancer , linear extrapolation from incidence at high
doses results in an overestimate of risk associated
wi th doses of a few rads of low-LET radiation . Never-

L theless , in most cases the linear hypothesis emerges
- by default as the simple model whose use appears to

be least objectionable in the absence of clear evidence
r as to the shape of the dose-effect curve (p. 243).
s-I.
- For exposurc to low-LET radiati on at low doses , mostI cancer risk estimates based on the l inear  hypothesis
- - are high and should not be regarded as more than upper

- limi ts cif risk (pp. 2-3).

- 
- In terms of the lifetime excess fatal cancer induced by H

- low-lose , low—LET radiation, the risk estimate is in  - -

the range of 70 to 353 excess cases p€r million persons
exposed per rad fcr single exposure , ~ind 68 to 293 per
million per rad [per year] for continuous exposure

- 

(p. 246).

The concl usions concerning somatic ris ks have added to
- and extended the earlier estimates , but in general the

present Comitte& s conclusions are nct in fundamental
j disagreehlent wi th those presented in the 1972 report
U (p. 8).

• 
BEIR-72 considered only continuous doses of radiation, not single

doses . The report points out that normal incidence of cancer fatalities
in 1967 , for the U.S. population of 197.8 million, was 14 ,336 Jeukemias
and 296 ,647 other cancers , for a total of 1,572 per million (pp. 172— 173) .
The estimated number of additional cancer tatalities resulting from a

I continuous exposure of 0.1 rem/year ranged from 1,726 to 9,078; i.e., from
8.7 per million to 4~.9 per million (p.169).
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Cancer probably accounts for 80 to 100 percent of the late (l e., after

the first few months ) fatalities (Ref. nO). Therefore , only fatalities
from cancer are considered here. Figure 54 summarizes the BEIR estimates - J

— of the incidence of late fatalities versus radiation dose . BEIR-79 con- 
- -

cludes that one-tenth the risk of a single exposure of 10 rads s comparable - j

to the risk of 1 ~-ad/year (p. 342) and that linear extrapolation is “least
objectlon~b1e” (p. 243). Accordingly, the abscissa of Figure 54 is given

i~ both rads (single exposure ) and rads/year (continuous exposure)~ and a

line is provided for easy linear extrapolation. Both the BEIR-79 and
BEI~—72 results are plotted and are quite consistent. For compari son , the

prompt fatality distri bution is also plotted.
- It would appear that, within the uncertainties, one may combine the - --

prompt fatality distribution with that for low-dose fatalities to form a 1
single probability distribution for fatalities as a function of dose . In - -~ —

other words , the cancer data may simply represent the “tail” of the dis- -

tribution for prompt fatalities . To the extent that this is so , the late

fatalities from residual radiation have already been taken into account ’
In the fatality estimates made in Chapter II. 1

— Another view of the situatiGn is as follows . Given the postulated
attack, a typical 2-week accumulated dose in Ohio for PF 1 , for areas —

where most people survive , is 2,000 to 4,000 R. Wi th the assumed PF 50 ,
this becomes 40 to 80 R. From Figure 54 , the fraction of late cancer 3
fatalities would be about O.OL Given the uncertainties , this could be
as high as U.03. According to the linear extrapolation shown , a s ing le ]
exposure heavy enough to cause an addi tional 10 percent fatalities from
cancer would be about 600 rads . ]

The conclusion is that , for the postulated attack and civil defense ,
of the people who survive the fa l lou t radiation during the firsi~ few
weeks after the attack , a few percent or less will die from late radiation-
produced eff ects.

11
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C. GENETIC EFFECTS

Both BEIR-79 and BEIR—72 consider only the case for which each
generation receives comparable radiation. Results are given for the
fraction of serious genetic defects in (1) the first generation (i.e., the
offspring of the initial parents) and (2) at equilibrium .

BEIR-79 concludes the following :

At low l evels of exposure , the effects of radiation in
producing.. .genetic change will be proportional to dose,
in that higher-order interactions (those involving
more than one ionizing event) are extremely unlikely
to occur (P. 147; emphasis added).

Al though the Commi ttee used a new method of estimating V
genetic effects expressed in the first generation , the
present estimates of genetic effects are not notably
d ifferent from those of the 1972 BEIR report. In the -

first generation , it Is estimated that 1 rem of parental
exposure throughout the general popula tion will result
in an increase of 5—75 additional serious genetic dis-
orders per m illion liveborn offspring. Such an exposure
of 1 rem received in each generation is estimated to Tresult , at genetic equilibri um , in an increase of 60— 4 ~- ‘

1 ,000 serious geneti c disorders per million liveborn
offspring . r
The ranges of the risk estimates given in the preceding
paragraph emphasize the limitations of current under-
standing of genetic effects of radiati on on human —

populations. Within this range of uncertainty , however ,
the risk i~ never theless small in rela tion to current
estimates of the incidence of serious human disorders
of genetic orig in—-about 107,000 per million liveborn
offspring (pp. 7-8: emphasis added). -

BEIR-72 considered a dose of 5 rem per generation and concluded

that genetic defects would be 60 to 1 ,000 per million in the first

generation , and 300 to 7 ,500 per million at equilibrium , compared wi th a

normal Inci dence of 60,000 per million (p. 57). BEIR-72 used the terms
-: “genetic damage” and “geneti c diseases ,” not “serious genetic disorders ”

as In BEIR-79; the definitions may have been slightly different. L. 
-
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- Figure 55 summarizes the BEIR data . Both BEIR reports assumed a

-
~ 

continuous dose over all generations. The present report is concerned with

- 

Li the case in which the parents receive a radiation dose, but the descendants
- do not. Such effects are presumably comparable to the “first generation”

- f (
~ BEIR estimates. The linear extrapolati on shown in Figure 55 reflects this

- 

assumption , plus the fact that the BEIR-79 results are more up to date

-
~ 

- and reliable.

-
~ In order to reach a level of disorders equal to the current incidence

L (10 percent!), the parents would have to recei ve a dose of about 3 ,000 rem,

-

- 

almost ten t imes the dose (450 rem) which produces 50-percent fatalities ![ If the parents received 450 rem, the incidence of serious genetic disorders

would be about 1 per cent , or one-tenth of normal . - Thus serious geneti c H

~ 
[ disorders caused by radiation from the postulated attack are expected

-
- 

- 
to involve roughly 1 percent (or less) of births, and thus be considerably

-
- 

below normal incidence.

I ~
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XI. ENVIRONMENTAL EFFECTS

A. OZONE DESTRUCTION

L 1. Summary of Estimates

It has been suggested that the oxides of nitrogen produced in nuclear

[ explosions can be raised to stratospheric altitudes in sufficiently large
- 

quantity to cause significant depletion of the earth ’s natural ozone layer
through chemical interactions. Some of the literature on this topi c is

U discussed in Reference 113, pp. 25ff . Reference 113 suggests that , for

III temperate latitudes in the northern hemisphere after a major U.S./U.S.S.R.
- nuclear exchange , there would be a 30 to 70 percent ozone depletion for

an attack on the order of 1O4 MT, which would correspond to an i ncrease of
as much as a factor of 6.5 in the amount of biologically active ultraviolet
radiation (WI-B) that reaches the earth’s surface (Ref. 1 1 3, pp. 42, 72].
Thi s effect would build up over a period of several months, would be most
serious for about a year, and then would gradually disappear over a period
of 5 years or so.

More recent calculations [Ref. 114) indicate that the degree and dura-
-

- 
tion of ozone depletion are , in most cases, smaller than is suggested in

- Reference 113 and depend on the weapon yield. For an attack involving
lO~ MT of 4-MT weapons , Reference 114 suggests that t~e peak ozone depletion

L wou ld be about 60 percent , correspondi ng to an increase in UV-B of about
a factor of 4; but that the ozone would return to w i t h i n  15 percent of

-Li normal in about 3 years (instead of 5). For a 10 4-MT attack wi th 1-MT
weapons , the maximum ozone depletion is estimated to be 35 percent ,

U returning to within 15 percent of normal In 1-1/2 years . For weapons of
u.35 MT, a small (3 percent) increase in the total ozonc is predicted ,

L lasting about 1 year.
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It should be noted that the calculations that have been made to date
are for air bursts . In this situation , the amount of oxides of nitrogen
produced per megaton is independent of detonation altitude , and the propor-
tion that gets into the stratosphere also appears to be independent of
hei ght of burst. For surface bursts , howev3r , a rule of thumb is that half
the burst energy is used up in va~~rizing surface materials. Since only
half the bomb energy is then left for production of nitrogen oxides , only
half as much of these would be produced . By definition, this assumes that
half as much air is heated to the same temperature . If the same amount

— 

of air were heated to a lower temperature , even less of the nitrogen oxides
would be created .

The validity and conservatism of these estimates is dfscussed in the
next section . A su mmary of the pertinent facts and uncertainties regarding

the depl et ion of ozone in a maj or nu c le ar attack is gi ven in Re fe rence 115
and updated In Reference 116. While many of the uncertainties suggest that
the calculations to date considerably overestimate the magnitude of the - -.

potentiaT ozone problem, it is important to recognize that large effects
are at least possible. It would therefore be prudent to exami ne potential
countermeasures that can be taken in advance to mitigate the impact of
increased UV-B radiation on human l ife after a large nuclear attack.

2. Uncertainties

The uncertainties wi th regard to ozone depletion are large. There
is a factor of 3 uncertainty in the amount of nitrogen oxides produced in
a nuclear explosion , at least a factor of 3 uncertainty in the fracti on of
that material that reaches the stratosphere , and a factor of 2 uncertain-
ty in the total stratospheri c burden of those oxides. More comprehensive

- 
- 

discussions of the uncertainties in the cal culations may be foun d in

— References 117 and 118.

Other uncertainties relate to the model s used for the estimates.
These models all use a perturbation approach , a technique that is entirely
inappropri ate for a si tuation in which  the amoun t of material  in jected is

comparable to the amount already there . For the real atmosphere , the H
162
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-1 char ges associated with the very large injection of nitrogen oxides would
lead to major changes in the temperature profile (and hence in the reaction

L rates) and in the dynamics of the stratosphere . Both effects are signifi-
cant. Al so , a one-dimensional model , such as that of Reference 113, does

not take into account the real-life horizontal spreading of the nitrogen
oxides. All of these factors suggest that the current model s overpredict

£ the amount and, especially, the duration of the ozone depletion from a
large nuclear 3ttack.

I It shoul d also be recognized that it is not clear precisely what
other effects (exacerbating or ameliorat ing) would occur at various levels

r in the atmosphere that may influence the amount of UV-B reaching the
earth ’ s surface in the event of a major increase in the amounts of nitr ogen

B oxides in the atmosphere.

There are a great many other uncertainties in the physics and chem-
- 

istry of the stratosphere that are not like ly to be resolved in the near
future. The stratosphere is extremely complex , and major fl uctuations in
composition occur in both space and time . Not only are some of the reaction

— 

rates uncertain , but not all the significant reactions may actually be
recognized and included in t~ie model . For example , the major differences

U between the older and the more recent calculations are due largely to the
incl usion of tt~o ozone—producin g reactions previously omitted [Ref. 114).
In additi on, the difficulties associated with the acquisition of reliable
experimental data on reaction rates and other atmospheric parameters are

-
- 

~1 mass i ve , with the result that input data uncertainties of an order of mag-
nitude are as much the rule as the exception . There are also consider-
able uncertainties in the stratospheric residence times of various species

- and their seasonal variations , even for injections that can legitimately
be treated as perturbations. The exchange of species between stratosphere

Ii and troposphere Is relatively rapid in mid—w i nter and relatively low
throughout the rest of the year. It is therefore not possible , either now

LI or in the foreseeable future, to assess the validity-of -alternative models.
Ex perimental da ta from in jections of ni trogen oxides produced in atmospheri c
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nuclear explosions have not produced ozone depletions that can be dis’.
tinguished from natural fluctuations [Ref. 118]. Further , no ozone depletion 1
was observed in 1961-1962, during which the detonation of 300 MT could ,

in principle, have produced a mar gi n a l l y measurable depletion of the ozone
layer [Refs. 115 and 1 18]. Perhaps the timin g of the 200 megatons of Soviet
nuclear testing could have reduced the effect , because of both the relative-
ly less intense photochemistry and the rapid downward transport of material

from the stratosphere in winter.

3. Adverse Impacts

A 70-percent reduction in the ozone column would mean that , at 
- -

temperate latitudes, a person would acquire a severe sunburn if exposed 
-

to the summer noontime sun for about 10 minutes [Ref. 113] . A 50-percent j
ozone column reduction would increase the exposure time to about 1 hour.
In ei ther case , such exposures would preclude significant out—of-doors ]
activities without some form of protection. The potential for eye damage ‘

~~ 

- I
would also be serious. -

For animals, there would be problems of damage to the eyes and
exposed skin. Animal problems would be more severe than human problems ,

because of the limited opportunity for domesti c animals to find shelter.

Some domest ica ted p lan ts might not be able to surv ive the higher  UV j
doses , although they do better when the amount of visible light is also

high. Further, there may be signifi cant interactions of UV radiation with 
~1 -

agricultural chemi cals. Since many wild species can be expected to have .1
sensi tivities compara ble to those of dnmest ic plants , some Impac ts can .

~~~be expected on ecosystems , su ch as forests and meadows from ozone deple t io n J
[Ref. 113]. However , relatively little is known about the impact of

— increased UV radiation either on trees or on entire ecosystems . In the case
of forests , some mitigation of the effects may occur because of the protec- 

-

tion provided by the taller trees and upper branches to lower-lying plants
and limbs .
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- . 4 Countermeasures

II Because the possibility of a large increase in the amount of UV—B

-~ radiation reaching the earth’s surface after a major nuclear exchange can—

[1 not be ruled out, the question naturally arises of what, if any, steps can
be taken in advance to mitigate the impact of such an eventuality on U.S.

1 postattack recovery , particularly during the first year postattack. For
L direct protection of humans , one can stockpile protective eye glasses ,

r protecti ve creams and ointments , and perhaps protective clothing. Asso-

L ciated with such an approach could be stockpiling of educational materials

- 
and UV-B measurement instruments for local use, training of personnel to

F administer the recovery programs, and some additional research on the
effectiveness of protective substances , and devices. ~t is possible that
conducting farming at night would present a viable alternative; in any
event, shi fting working hours to dusk and dawn perioos during the sumer
may be feasible.

Animal protection is much more difficul t. The emphasis here would
have to be on finding or building shelters for the animals. The latter
may prove feasible in areas where unsheltered animals have survived the
fallout attack , as several months would be available , of course , if the
attack were to take place between June and February , delaying the coin-
cidence between summer and high UV-B radiation . Further, the requi rements
for animal shelter following the attack would be significantly smaller than
normal U.S. requirements because of the reduction of the animal population
due to the attack. (Note : For the postulated attack , in Ohio, virtually
all unsheltered farm animals would be killed by fallout.)

) Possible countermeasures against UV damage to food crops i nc lud e the
— - 

- 
development and stockp iling of more resistant plant seeds. Corn , soybeans ,

JJ and barley , for example, are far more res ist~nt than such species as tomatoes,
peas , and onions [Ref. 113, p. 93] and could form the nucleus of a prepared—
ness stockpile. In addition, a search could be made for varieties of these
and other important domestic crops that can accept considerably increased
UV—B radiation.
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A search for UV—r~sistant agricultural chemicals should be made,
wi th stockpiling as appropriate. Since many insects are relatively 

~1resistant to both UV and nuclear radiation, the question of appropriate
pesticides may be particularly important. _-

~

A summary of the potential ozone probl em Is given in Table 25. .1

TABLE 25. SUMMARY OF POTENTIAL OZONE PROBLEM

Anticipated ozone depletion : 0 to 60 percent, depending on weapon yields 
~

Corresponding - increase in UV—B: Approximatel.y factor of 4 (maximum) -]
Resource - Maximum Impact

Corn , soybeans Very small I -

Peas , onions Large -

W i ldlands Uncertain I
Farm animals Moderate - L
Wildlife Moderate if cover is unavai lable

Humans Minor with modest avoidance

~~

B. CLIMATIC CHANGE

An overall decrease in average worldwide surface temperatures of “at ]
most, a 0.5°C deviation from the average” has been estimated for a nuclear

attack on the order of lO~ MT [Ref. 113 , p. 57]. This effect , due to the - - 
-

dust raised to stratospheric alti tudes by the nuclear explosi on, would

bu i l d up over a period of months and would decay over a period of a few
years . ~~~~

Such an effect would be minor compared to at least one historical
event. In 1815 , Mt. Tambora, In the Dutch East Indies (now Indonesia)

violently errupted , spewing about 25 cubic miles of debris into the -

atmosphere . Worldwide temperatures were abnormally low for the next year,

giving rise to “the year without a summer.” In 1816, in New England, it
snowed In June, and killing frosts contin~red through August; the mean Li 

- 
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temperature in June, 1916 , was about 3°C below nc,rmal [Ref. 119]. For
a nuclear attack to produce this much dust would require about 500,000
megatons , surface burst. Thus, the climatic effects of the postulated

attack would apparently be negligible by compari son. 1

F C. OTHER EFFECTS

A number of other widespread ecological effects have been mentioned

f as possibly occurring in the U.S. after a nuclear attack; e.g., mass fires ,
loss of forests , and widespread soil erosion . Al though uncertainty

I dominates such possibilities , analysts so far appear not to have assigned
them high probability .

Li

Li
H
Li

B
410 quantitative estimates appear to exist regarding attenuation of UV-B by
dust followi ng an attack , but such attenuation would almos t surely be

U negligible.
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- XII. SYNTHESIS

[ A. FUEL: SUMMARY OF POSTATTACK USE

r As has been mentioned a number of times throughout this report, if

L- electric power were generally unavailable after an attack , petroleum fuel
would be highly desirable for performi ng a number of critical functions.
A summary of rough estimates of fuel requirements for these critical

- 

functions is as follows .
- 

• Minimum Transportation of Food

Food (grain) to be transported
= 8.8 million survivors
x 1/3 wi thout adequate local food
x 2,500 Cal /day / person
x 365 days/year
÷ 3.5 million Cal/ton [Ref. 120; 1 ton = 2,000 lb]
= 0.77 mill ion tons

— 

Average round-trip distance : -300 mi les
Fuel required:

— by truck (50 ton—mi les/gallon) = 4.6 million gallons
by rail (190 ton—mi l es/gallon) = 1.2 million gal lons.

• Transportation of Coal

Coal required for electri c power generation
-
- = 31 million megawatt—hours surviving annual capacity

-

; 
- x 3.6 x lO~ joules/megawatt-hourL 2.7 x 1010 joules/ton of coal [Ref. 121 , p. 7-2]

0.4 conversion efficiency [Ref. 121 , p. 9—84]
fl = 10.3 million tons

Average round-trip distance : -‘300 miles

r Fuel required:
U by truck (50 ton-mi l es/gallon) 62 million gallons

by rail (190 ton-miles/gallon ) = 16 million gallons.
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• Mechanized Farming (See Chapter V—c ) .1
Fuel required
= corn: 22.0 gal/acre x 3.8 x 106 acres -

:+ wheat: 9.6 gal/acre x 1.6 x 106 acres
+ soybeans: 19.0 gal/acre x 3.1 x 106 acres
= 160 million gallons . U

• Pumping of Ground Water

Water required
= 8.8 million survivors
x 5 gallons water /day
x 3. 77 kilograms/gallon
x 365 days /year
= 6.1 x 1010 kilograms
Energy required
6.1 1010 kilograris

x 30 meters typical depth -:

x 9.8 meters/sec 2 (gravity) -
:

÷ 0.1 pump efficiency -
~~

= 1.8 x l01~ joules
Energy content of fuel = 1.3 x 108 joules/gallon ]
Required fuel = 1.4 million gallons.

• Radio/TV Stations ]
Surviving transmitter capacity

1 ,775 kilowatts
= 5.7 x 1013 joules/year
Fuel required = 5.7 x 1013 joules
÷ 0.1 efficiency
÷ 1.3 x 108 j oules/gallon -

= 4.4 mill ion gallons.
• Emergency Vehicles ] :~ 

-

Fuel required = 64 ,000 surviving emergency vehicles (80 percent)
x 5,000(?) miles/year (conserving fuel)
+ 15 mi les/gallon
= 20 million gallons.

The total of these estimates is as follows : U
U
U
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Purpose Millions of gallons/year

— 
Transporti ng food (minimum ) 1.2-4.6
Transporting coal 16-52

Mechanized farming 160

Pumping ground water (if no electric
power) 1.4
Radio/TV stations (if no electric
power) 4.4

1! Emergency vehicles 20 (?)

- 
Total 200 250

L However , per Chapter III , the estimated surviving fuel is -190

million gallons. It appears that although fuel suppl ies surviving the
postulated attack would~be suffi cient for emergency needs other than
agriculture , they might  not b~ sufficient for mechanized ~igriculture
unless extensive fuel conservation were employed. Thus, extens ive manual
agriculture might be necessary.

3. SUMMARY OF RESULTS r
A brief summary 3f the findings of the previous sections of the

report is as follows , assuming the postul ated attack and civi l defense,

and making the stringent assumption that Ohio is isolated for a year.

• Energy: Coal production facilities would survive. Several
coa l—burning electric power plants would survive. Petroleum
refinery capability would be destroyed . Survivir.g petroleum

- 
fuel would probably be adequate for transportation of essential
goods and other emergency funct ions , but possibly not for full

L mechanized farming , and definitely not for use of private
automobiles .

• Transportation: Mos t cars , trucks , and trains , plus an extensive
network of roads and tracks , would survive.

-H]
Li
U 171



- ~~~~~~~~~~~~~~~~~~~~~~

• Food: Most farm animals wotld be killed by f~llout . People
~~i1d have to shift to a much more gra in—oriented diet. Whether
surviving stored food would be adequate to feed the surviving
population for a year would depend on the season of the attack.
The next crop followi ng the attack could probably be mostly
saved , although it might be destroyed by heavy fallout and/or
bad weather duri ng the in-shelter period . Effects of these
uncertainties could be removed by stockpfl ing grain in rural
areas .

• Water : Postattack water ~upp1ies would apparently be adequate .
a Housing: Until rebuIlding occurred , people would have to live

at 2 to 4 times current densities , but this is still feasible.

• Clothing : Preattack clothing would largely survive and could be -

used for several years after the attack.
a Sanitation: Waste disposal would be primitive for some sections - j  -

of population , but aga in, this is feasible.
• Health: Fatalities from disease would increase, possibly t~y an

order of magnitude over the normal peacetime rate , but not to .1
levels comparable to tie fatalities from the initial blast and
fallout. -

• Communications: Many radi o and TV stations would survive. A
small fraction of total surviving fuel supplies could power-
them for wefl over a year. I

• Emergency Services : Surviving emergency officials and vehicles - 
—

per capita would be comparable to preattack levels.
• Residual Radiation: Late fatalities from residual radiation jwould be a few percent , or less, of the people surviving the

initial blast and fal lout.
• Environmental Effects : Depletion of the ozone layer, and ]

consequent increase in ultraviolet radiation, might occur.
However , severe damage to people woul d be unlikely. Staple -

~~crops (especially corn) would probably not be signifi cantly
damaged . Other signifi cant environmental effects appear unlikely.

C. DISCUSSION OF RESULTS
-

- 

The aforementioned results were obtained -under three basic assumptions : -

a The 6,500-megaton attack is directed against military facilities ,
— industrial faci lities, and population centers , but not evacuees U2~~~se; 77 percent of yield is surface burst.

a The civil defense includes crisis relocation and expedient fall-
out protecti on In the host areas.

• Ohio is isolated for a year.
-

- 
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The second assumption is , of course , necessary for survival of a
majority of the people. The third assumption was made for ease of analysis;

L the real case ought to be more favorable.

Regarding the first assumption , a real attack could produce either
more harmful or less harmful conditions . On the one hand , despite the

L 
Soviets ’ writings and statements , they might , in fact, del iberately target
evacuees . On the oth~~ hand , an attack such as the postulated attack might
well be carried out wi th many air—bursts , particul arly against fairly soft,

1 urban targets ; the 5—psi damage radius for a given yield is considerabl y

- 
less for a surface burst than for an air burst, wh i ch would produce negli—

L gible fallout. Al though not a full “worst-case” attack, the postulated
attack seems to be “bad enough” to use as a basis for an analysis of the

F postattack situation. - ‘ -1
Wi th respect to transportation , water , housing , cloth ing, sanitation ,

1 1 communi ca tions , and emergency services , surviving facilities appear
adequate to support the surviving population during the first year after
the postulated attack , and to provide a reasonable expectatio n for contin-
ued support thereafter. Furthermore , fatalities from disease , residual 

- -
- 

- -

radiation , and environmental disturbance (especially ozone-layer depletion)
would be small compared to the initial fatalities from blast and fallout.

Surviving fuel would be adequate , during the f irst year , for emergency

needs other than mechanized agriculture ; but the l atter mi ght not be fully
ava i la b le , thus making some manual agriculture necessary. A countermeasure
would be stockpiling of adequate fuel .

The only phenomenon identified by this study that could pose a serious
threat to the continued survival of the people who survived the initial
blast and fallout , is destructi on of crops following the attack. This

might occur in the event that (1) the attack occurred in summer or early
fall and heavy fallout destroyed the entire crop, or (2) the attack occurred
just prior to harvest time , and bad weather combined with fallou t to de-
stroy the crops while the people remained in shelters . Even so , this result 

- 

-

[} reflects the stringent assumption that Ohio is Isolated . It is hard to
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bel ieve that such crop destruction could happen nationwide . In any case ,
the obvious countermeasure is stockpiling a year ’ s supply of grain. 1

Thus the primary threat to population from a nuclear attack would
be the initial blast and fallout. If most people relocate away from
risk areas , then the only serious threat to their survival , from the pos- -

tulated attack , is the fallout, becauss~ of its deleterious effects on
people , animals , and plants-—primarily crops . Most animals probably cannot
be saved , but they are not esser~tial for human survival . Whether crops would
be killed depends on the details; stockpiling grain would greatly alleviate I
the impact of this uncertainty. The m ost important countermeasure to fall-
out is , of course , the expedient fallout protection adopted by the evacuees j
in the host areas. All evacuees shoul d be instructed to achieve as high
a PF as possible , and stay in shelters until told that it is safe to come
out.

In addition to ana lyzing the issue of whether people could survive j
during the first year after a nuclear attack , the present study has also
sought to achieve some insight into the issue of whether the survivors I
could , in principle , establish a stable , self—sustaining society that
would appear to have a good chance of surviving indefinitely. Although -

~~

this issue was not analyzed quantitatively, it does appear very relevant
that many societies, past and present, exist or have existed for many
generations under conditions , which, in many ways , are considerably more

primitive than the conditions that would probably exist in Ohio following
the postulated attack. On this basis, it is concluded that the survivors 11
would stand a good chance of possessing enough resources and capability
to achieve a stabl e , self—sustaining society , which could lead eventually
to recovery . -
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D. COUNTERMEASURES
-

- J This section contains a general discussion of preventive measures that
could be carried out in peacetime. Some are included in Program 0-Prime

- as it is currently conceived , and some are not. Section E describes Program
- D—Prime and the preventive measures that it would imply.

There are several elements of an effective relocation plan that are
essential to its success. These incl ude instructions for expedient shelter
construc tion, explicit instructions for evacuees and ~-ecipient areas, and

an attack warning system. Other necessary preattack arrangements incl ude
provisions for some form of government and monetary system, topics that
l ie generally beyond the scope of this report.

The probability of successful survival during the first year and
later (and the rapidity of postattack recovery as well) will also depena
on the comprehensiveness and effectiveness of other preattack measures
that can serve to ameliorate some of the more severe postattack conditions.
Appropriate preattack preparations , coupled with extensive disseminati on
of understandable instructions for postattack activities , can vas tly
improve the lot of the survi vors . 

~
- I

1. Measures of General Applicability

The limited supplies of essential resources must last until new
supplies (especially food and fuel) can be made available. These supplies
are necessary both for ensuring first-year survival and for setti ng the
stage for subsequent societal recovery . It will therefore be essential

— 

to have establi shed a regional resource allocation scheme that can be
-: I administered and enforced locally. This implies that:

1 a Loca i alloca tion authority must be established in advance
- - L of the relocation , along wi th a chain of command to regional ,

if not federal , authori ty.
— a Local allocation plans must be available .

• Some form of military or police force must be prearranged.

• Resource locations must be known.
Li • Flexibi lity to adapt to unanticipated conditions must be provided

for.
175 —
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~ HThe flexibility indicated in the last bullet is required if the authority 
I

is to establish and maintain credibility ; the flexibility must be l imited / 
- 

-

in order that local special interests not distort excessively the survival 
-

and recovery process. 
- -

A second necessary measure for large—scale survival in a postattack
environment is the availability of well—designed survival handbooks--infor-
mative , understandable, and possibly tailored to the season duri ng wh ich
the crisis relocation occurs. The content of the handbooks should include ,

- - inter alia , instructions on avoiding unnecessary radiation exposure, pre—
paring food grain for consumption , conserving resources, building simple

tools , obtaining necessary supplies , and acquiring authori tative informa—
- I tion . The handbook should be stored in nontarget areas. If separate

handbooks are prepared for the diffe rent seasons , precise dates should be I
established in advance to determine which handbooks are issued . ‘i”

Storage of material intended to facilitate postattack survival should j I -
be acc omplished in a more or less decentralized manner , away from anti-
cipated target areas. This suggests that, in the crisis period , norma l
movements of goods should be drasti cally altered. Nonessential del iveries
should be halted , and shipments of such essentials as food and fuel should
be redirected to build up stocks in nontarget areas (subject to the con— -

straints , of course , of minimal interference wi th the reloca tion of the
— 

population). To the extent possible , useful equipment (incl uding railway ]
engines , cranes , and fuel trucks ) should be moved out of the target areas 

-

as well.

Because of the anticipated difficult postattack conditions , it would 
-

appear desirable to concentrate authori ty and resources in  local alloca tion,
distribution , and info rmation centers.

176 11
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2. Measures Appropriate to Specific Concerns

II a. Energy

f T It is anticipated that the reconstruction of central utility facil-
ities wi l l  take a considerable period of time for the attack considered
(and severa l years , at a mi n imum , if power plants are targeted). For this
reason , it will be essential to ma ke ef fec t ive use of those energy
resources that surv i ve.

f On e imp ort an t mea s ure is to ensure that  fue l stored u ndergro und

can be made available. While it is likely that human ingenu i ty  wVi l find
a way of tapping these supplies effectively, it would be useful to arrange
that many of the pumps be modified to permit easy conversion to manual

[ operation. A second measure might be to store , perhaps underground , the
essential equipment for rebuilding small refineries. Third , one should

fl ensure that existing natural gas supplies can be exploited .’ Fourth , ~n
LI view of the potential importance of such battery-operated devices as

— mining lights in coal-producing areas , battery- operated radios and calcu la-
-~ 

- tors nat ionwide , and ot her battery-powered devices , it may prove desirable
to provide centralized battery storage and battery—charging facilities at
the resource allocation offices. Fifth , some consideration may be given
to utilizing the nation ’ s refineries and transportation sys tem in a surge
mode dur ing the c ris is  per iod to produce fu el s , a nd especially to t ranspcr t
fuels frog risk to host areas. Finally, it may be useful to arrange local
storage of maps of electric power gr ids , ga s and oil pipelines , anc fuel
storage faci l i t ies for the use of the postattack al locat ion authorit ies.

b. Transportation

Stockpil ing of bicycle parts (particularly tires arid wheels) and
hand pumps in the ‘ocal areas coul d be use ful to prov id e personnel and

I ___________________________________________________

1 Small natural gas wells exist on many farms in Ohio (and presumably else—
wher e) .  While extensive utilization may not be economic under peacetime
c i rcums tances , such resources may be significant in a postattack environ—
ment. This topic requires further investigation on a local basis.
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goods transport. Also , one should stockpile , outside target areas ,
the necessary equipment for repair of railroads . - 

—

— c. Food

Food is the area of greatest concern for first-year survival , par-
ticularly if the attack should occur just before the corn harvest. Clearly,
some kind of a rationing system will be required at least from the
time of relocation until the fo llowi ng year ’ s harvest. This rationing 

~system mus t ensure , insofar as possible , that people will have enough food
to permit them to perf o rm th ei r tas ks and , at the same time , that the food
supply will last until the new harvest. While the rationing system will
have to operate locally (at least at fi rst), the possibility of food trans-
fers to other communities , presumably in return for other necessities , mus t 

- 

-

be kept in mind at the local level .

Since the vast majori ty of the food supplies in Ohio (and presumably
elsewhere) will be in the form of unprocessed grains , understandable
instructions will have to be available for converting these crops into j
edible form (as in Ref. 58). Fl avorings (salt , spices) may be required
(or at least highly desirable) to make them palatable. Local grinding
and milling facilities may also prove useful .

With regard to meat , it is clear that the vast majority of the j  
~domestic animals in Ohio would not survive the attack considered . The

possibility of quickl y slaughtering and eating animals which had received ] J
h i g h  gamma d oses should be studied . Furthermore , one should stockpile
protein -rich foods , especially dried milk , dried eggs , and edible con-
centrated protein.

Reconstitution of domestic animal herds after the attack will be
a serious problem . I f onl y a few of the an imals  surv i ve , reconstitution
will , of necessity , be primarily from outside the affected area. On the
other hand , if , say , 10 percent of the yo~ng fema l e an ima l s are sheltered — i
and survive with only small radiation doses , and if a sperm bank has been
established , herds can be fully reestablished in a periGd on the order c-f

___  - - - 
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10 years . The first-year cost , in terms of food consumption , would be
considerably less than 10 percent of the cost of feeding the entire herd.

Reconstitution of agriculture would be an even more important prob-
lem. Not only should seed for the major food crops be stockpiled , but

~~. consideration should be given to stockpiling seeds of fast—growi ng plants
that might prove useful if the harvests are interrupted. Development
of seeds for UV-resistant plants might be useful in case the ozone deple-
tion problem (Chap . XI) proves to be serious. Consideration should also be

L given to fertilizer and insecticide stockpiles (or , alternatively, to

facilities and raw materials for their production). Whether and to what
I extent these steps are needed requires further investigation. Some

thought also needs to be given to the mode of postattack farming. Should
labor and materials be concentrated on large farms for a partially mechanized
attempt to produce enough food on a large scale? Or should the emphasis
be placed on smal l individual labor-intensive farming? The answer to th is

question will affect the seed storage requirements menti oned above.

Instructions for decontamination of foodstuffs are also required ,
as people may be reluctant to consume even slightly contaminated food so
long as they are not actually star~;ing .1

In all of these preparations , the infl uence of attack season must
be taken into account. In parti cular , the steps to be taken in the
preattack crisis days may well vary with the season .

d. Water

The extent to which it is desirable or necessary to stockpile potable
water depends on the c~verall water situation. For Oh io , there appears to
be l ittle need for such stockpiling (on the average, at least), provided

1TI~e tradeoff between ingestion of radiation-contaminated food and starva—
tion is strongly in favor of igno~lng the contamination , so much so that
the prospect of starvation 6 months ahead should logically outweigh the
penal ties of eating moderately contaminated food [Ref. 57J. Nonetheless ,
availability of simple measurement and decontamination procedures would
bypass this issue entire ly.

l7g
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that provisions are made for utilizing the ample supplies of groundwater
that exist there. In particular , arrangements need to be made to permit
manual pumping of groundwater , to instruct the population on simple methods
of decontamination , and to provide enough information and directions so
that peop le can dig new wells in appropriate areas. Local groundwater LI
maps should be stored in the allocation centers . Storage of potassium
iodide to serve as a dietary supp1ement for children (to preclude or 9
ameliorate thyroid problems associated wi th ingestion of radioactivity ) -

should also be undertaken, along with provision for its administration. U
e. Housing, Clothing, and Sanitation

- - Evacuees should be provided instructions on how best to live in the
type of rural public buildings to which they will be assigned .

Because people may be in relocation areas throughout at least one
cold season without adequate fuel for heating, evacuees should be advised
to bring wa rm clothing and sleeping bags with them, regardless of the
season of attack. ]

Instructions to evacuees should emphasize ways of minimizing health
hazards from human waste disposal. ]

f. Health ]
Because the precise communicable diseases that may arise cannot be

predicted in  advance , It would be highly desi rable to provide laboratory
facilities and appropriate technica l personnel for the analysis of disease
and the production of appropriate vaccines . The degree of decentrali zation [ 1
appropriate to postattack conditions of limited transportation needs to be Li

analyzed.

Another problem that needs considerabl e thought is the development -

of rules and criteria for utilization of the limited stocks of drugs , 
-

medical facilities , and medical personnel . One option is to use the large
supp lies of veterinary-grade antibioti cs for humans duri ng the first 

~~~~

postattack year [Ref. l22J. LI
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g. Coninunications

As indicated above, provisions should be made for recharging batter ies
for use in radio recei vers . In addition , a central area for disseminat ion

of printed information should be set up. For this purpose , an inventory
of printing presses (especial ly those that can be operated wi thout fuel
or - e lectricity) and of paper stocks should be maintained locally.

h. Ozone

In addition to the steps mentioned earlier , protective creams , oint-
ments , and eye glasses should be available to ameliorate the effects of
the increased UV—B that may result from ozone l ayer depletion . Further-

more , instruction should be provided for outdoor workers on when it is
necessary to avoid sunlight.

E. EFFECT OF PROGRAM 0-PRIME

In 1978, the Department of Defense decided to request funding for an

enhanced civil defense program. This program, sometimes known as Program Y

D—Prime, would include extensive plans for crisis relocation and con-
struction of expedient fallout protection in host areas. A comparison 

—

of the budgets of the current civil defense program and Program 0-Prime

is given in Tabl e 26.

Program D—Prime is a low-cost civil defense program that is oriented
- -  almost entirely toward protecting the public from the effects of blast and

fallout. For this, it could be extremely effective. Reference 9 concluded
that, if relocation were executed during a serious crisis prior to a large—
scale attack , the fraction of survivors in the U.S. would be about 90 per-

Li cent with D-Prime1 and only about 30 percent with current civil defense.

U 1Actually Reference 9 evaluated a “Program D. ” Protection for Program D
is the same as for Program D-Prime ; only the funding schedules are
different.

[1 181
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TABLE 26. COMPARISON OF COSTS OF CURRENT CD AND PROGRAM D—PRIME

Current Program
CDa 0—Prime L

Shelter

Survey 10 60
P l a n n i n g b 0 50 

~~~~Material b 0 0
Peacetime Construction 0 0
Mark ing 0 5 -

Stocking 0 260 1Shelter Management 0 50

i’Luclear Protection Planning 46 200 ] 
~Warning 32 50

Di rection and Control 39 325 1
Radiological Qefense 22 90

Emergency Public Information, 5 150 
-

Training, Education

Management 300 350 1
Research and Development 26 80 -

j
5—Year Cost 480 1 ,6 70

Annual Cost (First 5 Years ) ~6 335 LI
Annual Cost (Dollars per U.S. $0 45 $1 55

Citi zen) . .

aBased on FY 1979 DCPA Appropriation , totalling $96.5 million for FY 1 979. 
- -

b .For development of shelters during crisis.

Source: Reference 10.
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The present study found that , for a somewhat different large—scale attack ,

H the fraction of survivors for Ohio would be about 80 percent with 0-Prime
U and only about 20 percent wi th no civil defense.

U Despite the fact that D—Pri me does not specifically include extensive
plans or preparations for survival during the first year after a nuclear
attack , there are two program elements of 0—Prime under which such plans
and preparati ons could begin: Nucl ear Protection Planning ($200 million!
year) and Emergency Public Information ($150 million/year). Table 27

summarizes the major recommendations of this report and shows the degrees
to which they might be implemented by Program D-P ’ime.

Instructions to the public regarding key items for evacuees to bring
with them to the host areas , and regard ing life in the postattack environ-
ment could certainly be prepared under 0-Prime . Such instructions could ,
in themselves , prevent many fatalities during the first year after the
attack. Furthermore , under 0-Prime , key materials for stockpiling could
be identified. Some plans for the postattack environment might be made ,
including plans for stockpiling key materials in peacetime , producing
them during a period of tension, and relocating them during an intense
crisis. However , detailed preparations for the first postattack year ,
involving cooperation wi th state/local government and i idustry, would
appear to require a civil defense program more extensive than 0-Prime.

- - I —

H 183



- - 

~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~

[1
ii

• -

q
~~~i

• - -  - -
LU S . C  =

~~
_ 1 0  0

.f-
4-)

C. (0

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S.
(0
C.

C 4)
5- U

4) C.) .
~
.. C.

~~~~ ~~~~~~~~~~~~~~~~~~~~ • • 4)

C. C. S.. .C S.
I 4 )~~~~~0 .

~~o t~~ EC— 9.—
I— LU C 4.’

U
LI) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

o U —

I— 4-)
Id,

4.)
4.’ 0

LU •1
5— Cl)

E ~) 
... 4.3 j

o C c.fl
C.) 0 C) ~1~LU S.. C 5.

•I— (I, .1— U
- 5.

= (0 C) (I)

U.~ 
4) C

S _ a  •1~~ (0
4 ).,_ ~fl 5- 5- -:

U 4.’ Cli .— 4) C.
o ~~~C 40 4) 4.’

4.’ E U ~~~ (0 5-
C. 4) 4.) 5.. Cl) 4- 4)
—. (0 40 U CL) C.

.4-) 5. — 4-) — (4.. 4- (0
(/) Cl) Cl) 4-’ 10 (0 U 0 0 C.

Z C 0 C * C  ~~ =o 0 C. CLI 4) 0 . C) C) —
I_I .

~- 
4.) C) CLI U) 4)

I.- 4.3 C) .
~~
. C)4-) > ~~~ •~~~ C

(0 C C 4 0 .~~ C. C. 0 4.1
~~~ 

.
~~~ >~ •i- C 4.’ C) C C

LU 4) U S .  10 C ~ ~ 4-) 4)
4) S.. 3~ ~~ 4) Q •~~ 0. C. (0 C - 

- 
-

C (0 4)~~~~~ C 4 -) 0 4-’ N -.-

C 0) 0) 2 0 C .— 40 ‘— ~1~~ I -

0 4) C ‘ ~~~~~~~ ~ U (0 40 C 0 . - —
C.) S. .- U) 4.~ C. 5. 0 ~~~ 

S.

4) 5- 4) ~~~ — C C C C.
n .0 10 U 5.4) 5-. 4) 10 (0 2

LU C •‘- 40 0 0) 0 5. 2 2
..J > 0 0 5-. U 9 - ’l.-

4) .~~~ 4.) 4) 0. 0 S. 5- 5- 5. —

~~ 4-’ 4.) 40 10 0 0 0 0 0
U tfl (0 C 4) 0 4) 4- ‘4- 4- 9- U
~ U C ~~ 5 . 5- S .
S. 4) 10 0. 10 (0 (0 10 10
4-’ ~ >, U 0. 0. 4) 4) U 4)

Cl) U U — 4 ) 0 ) 4 )  5. 5.. 5-. 5.

• C (0 ~~ S - C  S.. 40 (0 10 (0 5. —
.
~~
. > C. 0..~

.. 0. 0. 0. 0. 0. ~).

>, ~~~ -. s . -... w a, w w
4) ~4- U ~~ = 5- 5. S~ 5.
S.. U 0 10 (0 C. C. 0. 0.
(0 ~, 4.’ 4.) , ~~. ‘.. -... -. C
C. .

~~~ C C/) C. C. C C C C (0

1) > 0) (0 0 (0 10 5..
S.. ~~~ ~— .— .— I— C)
C. < -~ I I C. C. 0. 0. 

E
C.

• S S • S • • (0

184 I
I

i 
- -  

1~~
- ~~~~~~~~~~~~~~~ 

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -
~~~~ 

_
‘ 4 _~



‘

~~~~ 1 T ’ -~~~ lIT - - ~~~~~
- 

-

- L i
El

: Appendix

- CONVERSION FACTORS

: 1 1  H-
- [ I

-4

Li

U 185 -

~~~~~~~~~~~~~~~~~~~~~~~



I - - - - —- - - ‘~~~~~ ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- 
~~~~~~~~~~~~~~~~~

1;
LI
Ii

— CONVERS I ON FAUTORS

H Length : 1 meter = 100 centimeters (cm) = 3.281 feet
- 

- 

- 1 mile (statute) = 5,280 feet
= 1,609.4 meters

Area: I square meter = 10.76 square feet
-

- 
1 acre = 43,560 square feet

1 hectare = 10 ,000 square meters
= 2.47 acres

1 square mile = 640 acres
= 259.0 hectares

Vol ume: 1 cubic meter = 35.3 cubi c feet
1 liter = 1O~~ cubi c meters
1 gal lon  3.78 liters
1 barrel (oil) = 42 gallons

I 
Mass/weight: 1 kilogram = 1,000 grams = 2.20 lb

- 
Energy : 1 joule = 1 kilogram-meter— (second~~

2

= 1 watt-second
1 watt-hour = 3,600 3oules
1 megawatt-hour = 3.6 x 10~ joules
1 ealorie (kilogram-calorie)

= 1 ,000 calories (gram—calories )
= 4 ,185 jou les

1 BrItish Thermal Unit (Bill) 1 ,054.8 joules
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Energy content of gasoline: .1
20,750 BTU/lb* x 1 ,054.8 jou~es/BTU -

+ 453.6 grams/lb
0.739* grams /cm3 -

x 1 ,000 cm3/ liter - -

x 3.78 liter/gallon -:

= 1.35 x io8 joules/gallon - 

—

126 ,000 BTU/gallon
= 36.9 kilowatt-hours/gallon .

Radiation [Ref . 123]: -

1 roentgen (R) = the amount of x or gamma radiation required .i
to produce , in 1 cm3 of dry air , 1 esu eac h of -

~~

positive and negative ions .1
1 rad = 100 ergs/gram of absorbed dose -j

1 rem 1 rad (for x, gamma , and beta radiation only)

1 rep (roentgen equivalent physical) = the amount of radiation ]
corresponding to the absorption of 93 ergs /gram
of soft tissue.

* Ref. 121, pp. 7-21. —
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